29 July 1960 


Vol. 132, No. 3422 


LIBRARY 
JUL 28 1960 


: 
AMERICAN A IA 
RICA SSOCIATION F x BOAPEMY NCEMENT OF SCIENCE 
| % 


Mmm. 


ROCKET CORPS 


th 


CENTURY 


In 1760, Indian Prince Tepper Sahib trained a 
5,000-man rocket corps. Using rocket launchers of 
the type illustrated the Sahib repelled a British at- 
tack against his walled city — and started the de- 
feated British thinking about rockets of their own! 

Missiles have become greatly more sophisticated 
since the Sahib first broke the British Square. As a 
vital part of one of the world’s largest purely elec- 
tronic companies, Raytheon Missile Systems Divi- 
sion is making great advances in this field. Here 
engineers are working with far-advanced concepts in 
electronics, aeronautics, and astronautics. Constantly 
analyzing, evaluating, creating, they’re helping to 
solve tomorrow’s defense problems now. 

Raytheon has room for more such men at all levels 
of responsibility. For them, Raytheon’s Missile 
Systems Division creates a climate for talent — 
perhaps your talent. 


ENGINEERS: Immediate openings in 
Operations Analysis *» Radar Systems 
Data Processing Design Data Sys- 
tems Test « Specification Engineering 
Circuit Design Systems Analysis 
Electronic Packaging + Transmitter 
Design « Process Engineering « Product 
Engineering Publications Quality 
Control « Microwave. 


Your resume will receive prompt atten- 
tion. Please address it to: Mr. Richard S. 
Malcolm, Coordinator of Employment/- 
Placement, Missile Systems Division, 
Raytheon Company, 520 Winter Street, 


Waltham, Massachusetts. 
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For engineering, for research, for business 
data processing in companies both large 
and small...The new, fully-transistorized 


RPC- 


ELECTRONIC COMPUTING SYSTEM 


another outstanding computer value 
...marketed by Royal MCBee Corporation 


Advanced design: fully transistorized—with important operate: no site preparation, air-conditioning or special 
new computer design concepts that provide the largest maintenance required. Plugs into any standard wall 
memory, greatest problem-solving capacity and flexi- outlet. Multiple application ability: designed to per- 
bility in the low- or medium-priced field. Entire system form engineering, scientific and research calculations, 
—computer, input-output typewriter and tape punch- as well as business data processing and management 
read console—have been specially designed as a unit. control functions. 

High-speed computing ability: extra large capacity The RPC-4000 is a product of the Royal Precision 
(8008 words) magnetic drum memory, with special Corporation, and is marketed by the Data Processing 
fast access features. Computing speeds of up to 230,000 Division of Royal McBee. It is the latest member of the 
operations per minute. Ultra high speed input-output: growing family of electronic computers from the peo- 
500 characters per second photoelectric punched paper ple whose LGP-30 has become the world’s leading 
tape reader, and 300 characters per second paper tape small-scale computer. 


punch available as optional equipment. Easy to use: 
maximum results can be obtained by non-technical 


personnel. Users benefit from free training, continuing Royal Precision Corporation 

assistance, an extensive library of programs. Versatile 

command structure provides programming speed and Royal Precision is jointly owned by the Royal McBee and Gen- 

flexibility. Low in cost: priced just above the small- eral Precision Equipment Corporations. RPC-4000 sales and ser- 
y. Low in cost: p J vice are available coast-to-coast, in Canada and abroad through 

scale computers, the RPC-4000 outperforms computers Royal McBee Data Processing offices. For full specifications, write 


costing many times more. Economical to install and ROYAL MCBEE CORPORATION, data processing division, Port Chester, N.Y. 


SCIENCE is published weekly by the AAAS, 1515 Massachusetts Ave., NW, Washington 5, D.C. Second-class postage paid at Washington, D.C., and 
additional mailing office. Annual subscriptions: $8.50; foreign postage, $1.50; Canadian postage, 75¢. 
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POLARIZING BMPE ~ $490 

MICROSCOPE 
MPS $269 


Polaroid Land Camera 
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FREE 


10 DAY TRIAL 


BINOCULAR STUDENT AUTO-ILLUMINATION 
AUTO-ILLUMINATION y MICROSCOPE 
BMLU $425 MSA $107 
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Photomicrography / MICROSCOPE 
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ASSIGNMENT: HIT A TARGET 6000 MILES AWAY 


Can you guide a 110-ton Air Force Titan missile 
far up into the sky, to bring its nuclear warhead 
down with pinpoint accuracy on a target one- 
fourth the way around the globe—a target you not 
only can’t see but which continually 
moves with the spinning earth? 

This was the problem in missile 
guidance the Air Force presented 
to Bell Telephone Laboratories and 
its manufacturing partner, West- 
ern Electric. The answer was the 
development of a commdnd guid- 
ance system which steers the Titan 
with high accuracy. 

Unlike self-contained systems 
which demand complex guidance 
equipment in the missile itself, Bell 
Laboratories Command Guidance 


System keeps its master control equipment on the 
ground where it can be used over and over again. 
Thus a minimum of equipment is carried in the 
missile, and the ground station has full control 
of the missile during its guided 
flight. Techniques drawn from the 
communications art render the sys- 
tem immune to radio jamming. 

Bell Laboratories scientists and 
engineers designed the trans- 
mission and switching systems for 
the world’s most versatile telephone 
network, developed much of our 
nation’s radar, and pioneered in 
missile systems. From their vast 
storehouse of knowledge and ex- 
perience comes the guidance system 
for the Titan. 


BELL TELEPHONE LABORATORIES 


WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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Science Ambassadors 


Early in 1958 the Department of State reactivated the program of 
assigning science attachés to U.S. embassies in other countries. Wallace 
Brode was appointed science adviser to the Secretary of State, and 
scientific representatives have since been sent to 10 major capitals 
abroad. We recently had the opportunity to discuss the program with 
a few science attachés and with several scientists in Europe who havc 
observed the work of our scientific ambassadors. 

There have been some initial problems. A new science attaché must 
demonstrate that he can live and work as a member of the embassy 
staff and that he can contribute to the working effectiveness of the 
embassy. In the 18 months since the first attachés reached their posts, 
much of their time has gone into learning how to work most usefully. 
Now, the report is, “We are beginning to be truly effective.” They 
facilitate scientific exchanges with the U.S. They interpret American 
science to scientists, science writers, editors, and others who influence 
foreign attitudes toward the U.S. and its scientific and technological 
achievements. And—as a function of prime importance to the 
Department of State—they help other members of the embassy staffs 
to give proper consideration to the scientific and technical factors in- 
volved in the decisions they must make. The program is well started; 
the attachés express a feeling of growing accomplishment in what they 
are doing. 

What of the future? The program is, in a sense, on trial. Before it 
can work at maximum effectiveness, three hurdles must be crossed. 
First, the Department of State must demonstrate that it gives the 
program continuing, nonpolitical support. Both the present administra- 
tion and the administration that takes office on 20 January must be 
alert to the importance of demonstrating the continuing, nonpolitical 
character of the program. 

The second hurdle is to persuade first-rate men to replace the 
present attachés, most of whom were appointed for two-year periods 
while on leave of absence from their permanent positions. If the 
Department of State passes the first hurdle successfully, the science 
adviser can recruit good replacements; if the Department fails the 
first hurdle, the second will also surely be failed. 

The third hurdle is to work out long-term staffing policies. The 
well-selected amateurs in diplomacy we now use have dedication, 
knowledge of American scientific activities, and considerable ac- 
quaintance with the language, customs, and scientific activities of the 
countries in which they work. Ideally, they should also have a greater 
understanding of national policy and of Department of State pro- 
cedures and problems. It is possible to combine the advantages of an 
amateur with those of a professional, perhaps most effectively by 
making periodic foreign service a recognized part of the career 
patterns of appropriate scientists and science administrators, but it will 
be a waste of time to worry about this third hurdle unless the first 
one is successfully crossed. 

Our emphasis on the first hurdle is because the Department of State 
failed on this one once before. In 1951 the Department appointed a 
science adviser and a number of science attachés. When the science 
adviser resigned, no replacement was appointed; as the attachés came 
home, their posts were left vacant. Thus the program stumbled to a 
halt in 1956. The service that the program can render to the nation 
is too important to allow the first hurdle to be failed again—D.W. 
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Saves 100 minutes in this heart test 


Only Spectronic 20 handles so many fests, so fast... 
at less than half the cost of any other instrument. 


You can run assays for Serum Glutamic-Oxalacetic Transaminase in one-sixth 
the time of other methods—#f you can make photometric readings at 340mp. 
(Karmen, A... J. Clin. Invest. 34, 131-33; 1955.) 


That means the only colorimeter that can do it is a B&L Spectronic 20. And you 
actually get the wide, continuous range of a spectrophotometer .. . at less than half 
the price. Find out which of the eight Spectronic 20 models best fills your needs. 


Write for Catalog D-266. Demonstration at your convenience, on your request. 
Bausch & Lomb Incorporated, 85607 Bausch St., Rochester 2, N. Y. 
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CURRENT PROBLEMS IN RESEARCH 


Elementary Particles 
of Modern Physics 


The properties of the 30 particles and antiparticles, 
their forces and conservation laws are summarized. 


In popular usage, the term elemen- 
tary particle signifies an ultimate con- 
stituent out of which all matter is 
compounded. In physics, the usefulness 
of the concept depends very much on 
our state of knowledge, the hierarchy 
of forces with which one is dealing, and 
the order which is introduced into the 
description of the empirical facts. 

From one point of view, any particle 
with a well-defined mass, charge, and 
intrinsic angular momentum (or spin) 
is an elementary particle and, in this 
context, even a molecule could be re- 
garded as elementary. However, when 
the electromagnetic law of force was 
established between the atoms in a 
molecule and also between the electrons 
and the positively charged nucleus of 
the atom, it was much more convenient 
at that stage to think of the electron 
and the various types of atomic nuclei 
as the elementary particles. When 
quantum mechanics was developed and 
the wave-particle dualism became an 
essential ingredient of our understand- 
ing of all atomic phenomena, it was 
proper to add the photon to the list of 
elementary particles. When the neutron 
was discovered and the existence of a 
distinct nuclear force was established, 
it became more advantageous to think 


The author is Harris prof of physics at 
the University of Rochester, Rochester, N.Y. 
This article is adapted from a lecture delivered 
27 December 1959 at the Chicago meeting of 
the AAAS. 
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of the neutron and proton as the ele- 
mentary particles out of which atomic 
nuclei are built up. Within this con- 
text, for example, the completely stable 
deuteron, with a _ well-defined mass, 
charge, and spin, is considered a com- 
posite. structure, whereas the unstable 
neutron is treated as an elementary 
particle. The reason for this anachronis- 
tic point of view is that within the 
hierarchy of strong (or nuclear), elec- 
tromagnetic, and weak forces, the 
neutron lives for a very long time (10° 
seconds) on the nuclear time scale of 
10 second. 

The situation is even more curious. 
If we restrict ourselves to low-energy 
nuclear phenomena, the only elemen- 
tary particles which enter the picture 
are the electron, positron, proton, neu- 
tron, photon, neutrino, and antineutrino. 
When some of these particles acquire 
sufficient kinetic energy (either as com- 
ponents of the cosmic radiation or in 
high-energy accelerators), many new 
varieties of particles are created which, 
at this stage of our understanding, are 
added to the list of elementary particles. 
Some of these particles, which result 
from the conversion of kinetic energy 
into mass, in turn create new particles 
through decay or through secondary 
production. 

As a result, the following additional 
particles (and antiparticles) have been 
observed and must be added to the list 
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of elementary particles: the positive and 
negative muons; the positive, negative, 
and neutral pions; the positive and 
negative kaons and two kinds of neutral 
kaons; the antiproton and the anti- 
neutron; the neutral A-hyperon and 
the anti-A-hyperon; the positive, nega- 
tive, and neutral =-hyperons; and the 
negative and neutral =-hyperons. For 
reasons which will become apparent, it 
is quite certain that the three anti-S- 
hyperons and the two anti-=-hyperons 
will be observed when the proper experi- 
ments are performed (7). We thus end 
up with 30 particles and antiparticles, of 
which seven (the photon, neutrino, 
antineutrino, electron, positron, proton, 
and antiproton) are genuinely stable. The 
remaining 23 particles and antiparticles 
possess such a slight degree of instability 
(on the nuclear time scale) that we are 
justified in treating them on an equal 
footing with the seven genuinely stable 
particles and antiparticles. 


Properties 


The properties of an elementary par- 
ticle which can be directly measured 
are the charge, mass, spin, and, if the 
particle is unstable, the lifetime. These 
properties are listed for all 30 particles 
and antiparticles in Table 1. The 
charges, masses, spins, and lifetimes of 
the antiparticles are not listed separately; 
the reason for this is that if the laws 
of special relativity apply to all physical 
processes involving the elementary par- 
ticles, as we believe they do, it can be 
shown that the charge of the anti- 
particle must be the negative of that of 
the particle, and that the mass, spin, 
and lifetime of the antiparticle must all 
be identical with those of the particle. 
The neutral kaon is an exception to this 
statement where we have listed two 
distinct lifetimes for two particles which 
are called the K.’ and K:”’ particles; the 
K:° and K:° particles are opposite mix- 
tures of the neutral kaon and its anti- 
particle, and the exception occurs be- 
cause the neutral kaon and its antiparticle 
can convert into each other through 
the weak force. 
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It will also be noted that antiparticles find that the (electric) charge number tween the average masses of the pion} the 
for the neutral pion and the photon Q for the particle (the Q for the anti- and kaon (within the meson class), and} spil 
are placed in parentheses; this is be- particle is the negative of the Q for the between the average masses of the || the 
cause there is no known property by particle takes on the values 1, 0, and nucleon, A-hyperon, %-hyperon, and |} spi 
means of which the antineutral pion —1 (e being the fundamental unit} =-hyperon (within the baryon class). has 
and the antiphoton could be dis- and that for no elementary particle It seems, therefore, that in some} rat 
tinguished from the respective particles. is |@| > 1. Also, the range of masses sense the particles which differ only | to 
This also explains why the list in of the particles listed in Table 1 is not slightly in mass are different charge f} pal 
Table 1 contains 16 particles and 14 completely arbitrary; there appear to states of the same particles, so that the | ph 
antiparticles; of these, four particles be some important mass groupings, distinct elementary particles whose}} (1/ 
(proton, neutrino, electron, photon) within at least the meson and baryon properties and interactions we must |} po: 
and three antiparticles (antineutrino, classes, of particles which bear a direct understand are the photon, the “light” 
positron, antiproton) are stable and the relationship’ to the charge numbers. lepton, the “heavy” lepton, the pion, 
remaining 12 particles and 11 anti- Within the meson class, the charged the kaon, the nucleon, the A-, 3-, and§ Qu 
particles are unstable. pion is only 4.6 Mev heavier than the %-hyperons, and all the antiparticles of 

neutral pion, and the neutral kaon is these particles. The slightly different | 
only 3.9 Mev heavier than the charged masses associated with the different} val 
Mass and Charge kaon. In the baryon class, the neutral charge states of each of the above par-} ba 
nucleon (that is, the netutron) is only ticles are then attributed to electro} be 

The particles in Table 1 have been 1.3 Mev heavier than the charged nu- magnetic self-energy effects produced | ¢ 
ordered chiefly according to their mass; cleon (the proton); the negatively by virtual interactions with the electro. | the 
the one ambiguity, between the photon charged %S-hyperon is only 6.8 Mev magnetic field. While no quantitative} Th 
and the neutrino, has been resolved by heavier than the positively charged S- theory of these mass differences exists, } ™ 
placing the photon first on the list. hyperon; this, in turn, is only 2.4 Mev the electromagnetic approach appears| S¢! 
This mass ordering leads to a remark- lighter than the neutral S-hyperon; and plausible and involves no difficulty of | 8t 
able grouping of the particles into four the masses of the negative and neutral principle except possibly for the “light” | on 
classes: photon, lepton, meson, and -hyperons are within 8 Mev of each lepton. tic 
baryon. The names lepton, meson, other (this is experimental error). By to 
and baryon were originally invented to the same token, it may be meaningful th 
denote light, intermediate-mass, and to consider the neutrino and electron, Spin th 
heavy particles, respectively, but we which differ in mass by only 0.5 Mev, sta 
now know that the particles in each of as the neutral and negative “light” lep- The regularities among the spins of | " 
these three classes have certain im- tons in contradistinction to the “heavy” the particles listed in Table 1 are even} Tt 
portant properties in common which lepton, which is the muon. These mass __ more striking than the regularities in the be 
are distinct from the properties char- differences are all small compared to charge and the mass. Except for the th 
acterizing the members of the other the mass differences between the aver- photon, which is in a class by itself of 
two classes. age masses of the “light” and “heavy” and possesses spin 1 (in units of h, of 

If we further examine Table 1, we leptons (within the lepton class), be- Planck’s constant divided by 27), all * 

tic 
ph 

Table 1. Properties of elementary particles. Masses and mean lifetimes are taken from the Berkeley compilations. sis 
Charge Bary- Lep- Strange- le 
Particle penitens Spin Mass (Mev) = No oe No Mean life (sec) Decay modes an 
B L Ss wi 
Photon cl: 
Photon 1 0 0 0 0 0 Stable 
Leptons 
Neutrino y 0 0 0 +1 0 Stable 
Electron e- et % 0.510976 + 0.000007 -1 0 +1 0 Stable al 
Muon ut % 105.70 + 0.06 =1 | —1 (2.261 = 0.007) 10-6 +» +> 
Mesons ab 
Pion xt 0 139.63 0.06 +1 0 0 (2.56 + 0.05)X 10-8 + +> fo 
Pion 70 (%) 0 135.04 = 0.16 0 0 0 0 <4 X 10-16 2y | 
Kaon K+ 0 494.0 + 0.2 +1 0 +1 (1.224 0.013) X 10-8 ut rset (S 
at + 193 + rt + 270 Wi 
Kaon Ko Ko 0 497.9 + 0.6 0 0 +1 K,9: (1.00 0.038) xt + 47; 270 
10-10 
(6.1 1.3) X xt + + 10; 340 fo 
10-8 tet at 
rt 
th 
laryons 
Nucleon % 938.213 0.01 0 0 Stable th 
Nucleon n % 939.506 + 0.01 o +1 0 0 (1.04 = 0.13) 103 pte-+> to 
A-Hyperon A A 1115.45 0.12 0 +1 0 -1 (2.505 + 0.086) 10-10 P+ 
la 
2-Hyperon 1189.55 0.21 +1 +1 0 -1 (0.84 0.07) X 10-10 p+ xt m 
2-Hyperon 3- = 1196.39 0.34 -1 +1 0 (1.59 0.10) X 10-10 an + ve 
=-Hyperon 1191.94 0.53 0 +1 0 -1 <0.1 X 10-10 A+y 
=-Hyperon 0.5 -1 +1 0 =2 (1.9 0,5) 10-10 sy 
=-Hyperon ? 1311 = 8 0 +1 0 1.5 X 10-10 (1 event) A+ 7° st 
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the particles in the meson class possess 
spin zero, whereas all the particles in 
the lepton and baryon classes possess 
spin 1/2. (The spin of the =-hyperon 
has not been measured as yet, but it is 
rather likely that this will also turn out 
to be 1/2.) Thus, all the elementary 
particles (with the exception of the 
photon) possess the lowest half-integral 
(1/2) or integral (0) spins that are 
possible. 


Quantum Numbers B and L 


We have also listed in Table 1 the 
values of two quantum numbers—the 
baryon number B and the lepton num- 
ber L—which have been assigned to 
each elementary particle (B and L for 
the antiparticles are discussed below). 
The introduction of these quantum 
numbers and the imposition of con- 
servation laws involving them help 
greatly to reduce the multiplicity of 
processes in which the elementary par- 
ticles might otherwise participate. It is 
to be hoped that the future fundamental 
theory will provide a natural basis for 
these quantum numbers, but at this 
stage they must be regarded as essen- 
tially having a phenomenological origin. 
The baryon and lepton quantum num- 
bers have already been anticipated in 
the names assigned to two of the classes 
of elementary particles: each member 
of the baryon class is assigned B = 1 
(the antibaryon is assigned B = —1), 
while the particles (and the antipar- 
ticles) of the other three classes— 
photon, lepton, and meson—are as- 
signed B = 0. The particles in the 
lepton class are assigned L = 1 (the 
antiparticles are assigned L = —1), 
whereas the particles of the other three 
classes—photon, meson, and baryon— 
are assigned L = 0. 

The conservation laws for baryon 
number and lepton number (like the 
conservation of charge number) are 
absolute conservation laws which hold 
for all three types of interaction 


\ (strong, electromagnetic, and weak) 


Which operate among the elementary 
particles. Also, the conservation laws 
for baryon, lepton, and charge numbers 
are similar in character in the sense 
that a quantum number is assigned to 
the particle and its negative is assigned 
to the antiparticle and the conservation 
law is stated in terms of the require- 
ment that the algebraic sum of the 
values of the quantum number for a 
system of particles and antiparticles 
stay constant for any physical process. 
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A quantum number with this property 
is called an “additive” quantum number, 
so the charge number, the baryon 


‘number, and the lepton number are 


all “additive” quantum numbers which 
must be absolutely conserved. 

We can now understand why the 
photon and neutral pion are their own 
antiparticles whereas the other neutral 
particles are not. In the case of all but 
one of the other neutral particles, one 
of the additive quantum numbers B or 
L distinguishes between the particle and 
the antiparticle. Thus, the neutrino and 
antineutrino are distinguished by the 
lepton number L, and the neutron, 
neutral A-, S-, and =-hyperons and 
their antiparticles, by the baryon num- 
ber B. We shall see below that the 
neutral kaon and neutral antikaon are 
distinguished by another “additive” 
quantum number called the strangeness 
number. 

The absolute conservation law for 
baryon number has immediate conse- 
quences for the production and annihi- 
lation of antibaryons. For example, it 
is evident that if in the initial state 
there are two baryons and no anti- 
baryons present, then the production of 
one antibaryon in the final state by any 
physical process whatsoever will neces- 
sitate three baryons in the final state. 
Conversely, if there are one antibaryon 
and one baryon present in the initial 
state, then the disappearance (annihila- 
tion) of the antibaryon by any physical 
process whatsoever can only take place 
if we end up with no baryons. As far 
as the empirical evidence for the abso- 
lute conservation law of baryon number 
is concerned, the most incisive evidence 
comes from studying a possible insta- 
bility of the lightest of the baryons— 
namely, the proton. If the baryon num- 
ber is absolutely conserved, there 
should be no physical process by means 
of which the proton can decay into 
lighter particles. Various experiments 
(2) carried out with this purpose in 
mind have set a lower limit for proton 
decay by any mode (for example 
p — 2e* + e) of about 10° years. 
This is a very long lifetime and implies 
that the conservation law for baryon 
number, which is responsible for the 
stability of atomic nuclei, is even more 
absolute than charge conservation inso- 
far as the experimental evidence is 
concerned (where a lower limit of 10” 
years has been found for the reaction 
e>v+y). 

The conservation of lepton number 
also appears to be an absolute conser- 
vation law. The best (albeit rough) 


check of this conservation law has 
come from the study of neutrino inter- 
actions with atomic nuclei. In accord- 
ance with out assignment of lepton 
number, a neutron should emit an 
antineutrino with the electron, and a 
proton in the nucleus should emit a 
neutrino with the positron. It follows 
that the neutrinos produced in a nuclear 
reactor must be antineutrinos (since the 
fission of heavy nuclei leads to fission 
fragments with an excess of neutrons, 
and thus to electron-unstable nuclides), 
and therefore the process v + p > 
e* + n is possible, whereas the process 
v + Cl” > & + Ar must be im- 
possible. The cross section for the first 
process has actually been measured 
and found to be 11 + 4 x 10“ cm* 
(in agreement with the theoretical pre- 
diction), whereas the upper limit on 
the cross section for the second process 
has been found to be 0.1 + 0.6 x 10° 
cm*, at least ten times smaller than 
would be expected if the neutrino and 
antineutrino were not distinguishable 
particles. All the other weak inter- 
action processes involving leptons, in- 
cluding the decays of the strange 
particles, are consistent with the con- 
servation of the lepton number (within 
an experimental error of 10 percent). 


Stablz Particles 


There are several points to note in 
connection with the lifetimes listed in 
Table 1. First of all, the stable particles 
are the photon, the two “light” leptons 
(neutrino and electron), and the lightest 
of the baryons (that is, the proton) and 
their antiparticles. The conservation of 
momentum, energy, and angular mo- 
mentum prevents the decay of the 
photon into two neutrinos. Conversely, 
the conservation of angular momentum 
is enough to ensure the stability of the 
neutrino with respect to decay into 
photons. Conservation of charge num- 
ber guarantees the stability of the elec- 
tron with respect to decay into neutrinos 
and photons. The stability of the pro- 
ton is a more subtle phenomenon and 
requires for its explanation the con- 
servation of a new quantum number— 
to wit, the baryon number. The as- 
signment of baryon number 1 to the 
proton and of 0 to the photon, the 
leptons, and the mesons and the require- 
ment of baryon number conservation 
then “explains” the stability of the pro- 
ton. It is to be hoped that a deeper 
theoretical foundation will be found for 
the empirical principle of conservation 
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of baryon number, since, in a sense, 
it is this principle more than any other 
which is responsible for the stability of 
the univers2 as we know it. 


Unstable Particles 


We see that the principles of conser- 
vation of angular momentum, charge 
number, and baryon number (in addi- 
tion to energy and momentum) are 
sufficient to ensure the stability of the 
photon, neutrino, electron, and proton. 
These principles are not sufficient to 
ensure the stability of the “heavy” 
lepton (that is, the muon), the mesons, 
and the baryons heavier than the pro- 
ton. In actual fact, all of these particles 
turn out to be unstable. In Table 1 we 
have also tabulated the observed decay 
modes of the 12 unstable particles. 
We have not listed the decay modes of 
the antiparticles because the decay 
products must be the antiparticles of 
the decay products of the particle. Of 
the 12 unstable particles (and 11 un- 
stable antiparticles) listed in Table 1, 
only two particles (the neutral pion and 
the neutral S-hyperon) and one anti- 
particle (the neutral anti-S-hyperon) 
emit photons in the dominant decay 
mode. It is to be noted that the lifetime 
of the neutral pion is less than 4 x 10 
second and the lifetime of the neutral 
>-hyperon is less than 10™ second (this 
is an upper limit obtained by a rather 
crude experiment). These are the short- 
est lifetimes in Table 1, and it is 
expected on theoretical grounds that 
both will lie in the range of 10 to 
10 second. These extremely short 
lifetimes which are predicted for the 
two observed electromagnetic decays 
(as well as for the as-yet-unobserved 
neutral anti-S-hyperon) are still long 
on the nuclear time scale (by a factor 
of 10‘ or more, since the characteristic 
nuclear lifetime is 10 second—a 
nuclear dimension of 10 centimeter 
divided by the velocity of light) and 
justify the inclusion of these particles 
in the list of elementary particles. None 
of the other unstable particles shown 
in Table 1 emits photons in its domi- 
nant mode of decay. 

The unstable particles whose domi- 
nant modes of decay do not involve 
emission of photons have lifetimes 
which range from 10°” second to 10° 
seconds, a factor of 10°. This enormous 
range in lifetime would appear to indi- 
cate a great diversity in the types of 
forces which are responsible for the 
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corresponding decay processes. In actual 
fact, it seems possible to explain all 
of these decays by essentially a single 
type of interaction, which is called the 


universal weak force. The enormous 
range in lifetime is explained by a very 
sensitive dependence of the lifetime for 
weak decays on available energy (that 
is, the so-called Q value), ranging from 
a lifetime of 0.8 x 10 second and 
a Q value of 115 Mev for the 3* life- 
time to a lifetime of 10° seconds and a 
Q value of 0.75 Mev for the neutron. 
It is important to note that not all 
weak decay processes which are con- 
sistent with the conservation of angular 
momentum, charge number, baryon 
number, and lepton number are actually 
observed. For example, the decay 
process ». — 3e has never been ob- 
served, although this process satisfies 
all the conservation laws satisfied by 
the well-known decay process p — e + 
v + v. Other examples could be given 
of weak decay processes which are not 
observed and which are as consistent 
with the absolute conservation laws and 
have as much available energy (so that 
the phase space factors are not un- 
favorable) as those which are observed. 
It appears necéssary to introduce addi- 
tional selection rules, other than those 
already cited, in order to understand 
this phenomenon. 

Since the lifetimes of the three un- 
stable particles and antiparticles whose 
dominant modes of decay involve the 
emission of photons are much shorter 
than the lifetimes of the 20 other un- 
stable particles and antiparticles, whose 
dominant modes of decay do not in- 
volve the emission of photons, the 
question naturally arises as to why 
these electromagnetic modes of decay 
do not prevail for all unstable particles. 
Since an electromagnetic lifetime is 
almost certainly shorter than 4 x 10 
second (the upper limit for the lifetime 
of the neutral pion), there is at least 
a factor of 10° in favor of an electro- 
magnetic decay process over a non- 
electromagnetic decay. The failure to 
take advantage of such a large factor 
can only be explained by some sort of 
selection rule which forbids the fast 
electromagnetic decays of the particles 
within each class (of leptons, mesons, 
and baryons). For example, within 
the baryon class, the potentially fast 
electromagnetic decays like 3* > p + y 
and = — > + y do not take place, 
whereas the fast electromagnetic decay 
process 3° > A + y does take place. 
Within the meson class, the potentially 


fast electromagnetic decay processes 
like K° > 2y and K* > z* + 2y do not 
take place, whereas the fast electro- 
magnetic decay =" —> 2y does take 
place. Within the lepton class, the ab- 
sence of the potentially fast electro- 
magnetic decay process p> > e& + y 
has to be understood. 


Strangeness Quantum Number 


We are therefore faced with the 
necessity of introducing a new quantum 
number in order to forbid the fast 
electromagnetic decay processes which 
could otherwise take place in accord- 
ance with the absolute conservation 
laws of angular momentum, charge 
number, baryon number, and lepton 
number. This new quantum number 
is the strangeness number S, and both 
the observed and unobserved electro- 
magnetic decays can be understood if 
we make a suitable assignment of this 
quantum number S to each of the ele- 
mentary particles and insist upon the 
conservation of S in all processes in- 
volving the electromagnetic force. In 
Table 1 we have listed the assignments 
of the strangeness number for each of 
the elementary particles. It is con- 
venient to assign the value S$ = 0 to 
the lightest particle within each of the 
four classes—that is, to the photon, the 
“light” lepton, the pion, and the nucle- 
on. Such an assignment, plus the re- 
quirement of S conservation, allows the 
fast electromagnetic decay process 
n’—>2y. It then seems appropriate to 
change this quantum number by one 
unit as one proceeds to the heavier mem- 
bers of each class of particles. In this 
fashion, one assigns a strangeness quan- 
tum number, S = —1, to the muon, al- 
though such an assignment is actually 
not needed in order to explain the ab- 
sence of the fast electromagnetic decay 
—>e- +7. An assignment of = +1 
to the kaon, S = + —1 to the A- and 
S-hyperons, and S$ = —2 to the = 
hyperon would then allow the fast 
electromagnetic decay 3° > A + 7 
and forbid the fast electromagnetic de- 
cay of all the other particles within the 
meson and baryon classes. The strange- 
ness number S, like Q, B, and L, is an 
“additive” quantum number, so that § 
for the antiparticle is the negative of 
S for the particle. 

It is interesting to note that while 
the weak decay processes are consistent 
with the absolute conservation laws of 
angular momentum, charge number, 
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baryon number, and lepton number, 
they are not consistent with the con- 
servation of strangeness number, as the 
fast electromagnetic decays are. Ex- 
amination of the decay modes in Table 
1 shows that in the weak decays, the 
strangeness number may remain un- 
altered (compare the neutron decay) 
or may change by one unit (compare 
the A decay or the K decay); it appears 
that the selection rule for the weak 
decays is AS = O + 1. In the case 
of the =-hyperon, where a weak decay 
with AS = 2 could take place (for 
example, = — n + 7), there is no 
evidence for such a process despite the 
fact that more phase space is available 
than for the decay = — A + 7 which 
does take place. It appears that a 
change of AS by as much as two units 
is not allowed even for the processes 
governed by the weak force. 

Of course, it is not remarkable that 
the conservation of the strangeness 
number S explains the observed facts 
concerning the fast electromagnetic de- 
cays of the elementary particles since, 
in a sense, we have simply introduced 
this new quantum number in order to 
account for these facts. What is re- 
markable is that the same conservation 
law of strangeness number holds for 
the strong or nuclear-type forces be- 
tween mesons and baryons and has been 
confirmed in a wide variety of ways for 
physical processes governed by these 
strong forces. First of all, we have an 
explanation of the reason why decays 
such as Kt AD 
3* > p + 7°, and so on, do not take 
place extremely rapidly (with lifetimes 
of the order of 10™* second—the nuclear 
lifetime—by virtue of the strong forces) ; 
they all violate the conservation of the 
strangeness number. The much longer 
lifetimes which are observed correspond 
to decays which occur through the 
weak forces and are permitted even 
though the strangeness number is not 
conserved. It is to be noted that all of 
the above reactions are consistent with 
the conservation laws of charge, baryon, 
and lepton numbers (in addition to 
energy, momentum, and so on). 

A second important consequence of 
strangeness conservation for the strong 
forces is that the production of particles 
with S ~ O (called strange particles) 
must take place at least in pairs if the 
initial state only involves ordinary par- 
ticles (that is, particles with S = 0, 
such as pions and nucleons). Thus, 
in nucleon-nucleon and in pion-nucleon 
collisions, the production of A- and 
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3-hyperons requires the simultaneous 
production of the K° and K* mesons. 


. The production of =-hyperons requires 


the simultaneous production of two 
kaons with positive strangeness number. 
In other words, there is associated pro- 
duction of strange particles. Moreover, 
strangeness conservation implies that 
the production of the K~ or K° meson 
can only take place if there is sufficient 
energy to produce simultaneously the 
K* or K° meson; this provides an im- 
mediate explanation of the much lower 
energy threshold observed for produc- 
tion of K* mesons than for K~ mesons, 
a difference that exists despite the fact 
that the masses of the positive and neg- 
ative kaons are identical. It is found 
that the imposition of the requirement 
of conservation of the strangeness num- 
ber is consistent with all physical 
processes which occur by virtue of the 
strong and electromagnetic forces but 
is not consistent with all the weak 
processes. 


Three Types of Forces 


In commenting upon the properties 
of the elementary particles I have re- 
ferred to three types of forces which 
are responsible for the various types of 
processes in which the elementary par- 
ticles are involved. The three types of 
forces (which at this stage, do not 
seem to bear any relationship to each 
other) are, to repeat, the strong or 
nuclear force, the electromagnetic force, 
and the weak force. Of the four classes 
of elementary particles—photon, lep- 
ton, meson, and baryon—the photon 
is the carrier, so to speak, of the 
electromagnetic force and does not 
exert a weak or strong force on any of 
the other particles. The charged members 
of the lepton class of particles experi- 
ence electromagnetic forces due to the 
other particles (the neutrino does not, 
because it possesses no charge and no 
magnetic moment), whereas all the 
members of the lepton class interact 
weakly with each other and with the 
members of the meson and baryon 
classes. As regards the meson and 
baryon classes, we can say that, in 
general, the members of these two 
classes interact strongly with each other, 
interact electromagnetically with all the 
elementary particles, and interact weak- 
ly with each other and with the mem- 
bers of the lepton class. 

As I have stated, the three forces 
under consideration are, in order of 


decreasing strength, strong or nuclear 
force, electromagnetic force, and weak 
force. It is useful to give a quantitative 
estimate of a dimensionless constant 
which is characteristic of each of the 
forces. The most familiar of the forces, 
the electromagnetic, is the one of inter- 
mediate strength, where the dimension- 
less constant which crops up whenever 
any electromagnetic process is calculated 
is the fine-structure constant 
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where ¢ is the elementary charge, h is 
Planck’s constant over 27, and c is the 
velocity of light. It is important to 
note that the charge e, which enters 
into the fine-structure constant, is a 
measure of the strength of the inter- 
action of a charged particle with the 
electromagnetic field. The analog of 
the fine-structure constant in the case 
of the strong or nuclear force is a 
dimensionless constant g*/4lic = 15, 
where g is the pion-nucleon coupling 
constant. The pion-nucleon coupling 
constant has been chosen because its 
value is much better known from pion 
scattering experiments (on nucleons) 
and from the nuclear force between two 
nucleons (which is attributed chiefly to 
the pion field). 

For both the electromagnetic and 
strong forces, a dimensionless constant 
emerges in a natural way by considering 
e or g, which measures the strength of 
the corresponding force. In the case 
of the weak force, the characteristic 
coupling constant has a different dimen- 
sion, and it is necessary to perform 
some manipulations in order to obtain 
a dimensionless constant characteristic 
of the weak force. The coupling con- 
stant for B decay, G, which is the most 
extensively studied of the weak forces, 
has the value 1.4 x 10 erg X cubic 
centimeter. A dimensionless constant 
characteristic of the weak force is then 
obtained by taking G* x (fic)” xX 
(h/pc)* ~ 5 x 10” (p is the pion 
mass). In order to obtain a dimension- 
less constant, we have used the pion 
Compton wavelength however, 
it is clear that the result which would 
be obtained by utilizing the Compton 
wavelength of some other particle 
would not alter the essential conclusion, 
which is that the weak force is ex- 
tremely weak (by many powers of 10) 
as compared to the electromagnetic and 
strong forces. 

There is one further force which is 
extremely important for the macro- 
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scopic world, to which no reference has 
thus far been made—namely, the gravi- 
tational force. However, the dimension- 
less constant characteristic of the 
gravitational force, which is obtained 
by using the (large) baryon mass, is 
he 16" tk ("6:7 <x 10° 
dyne cm’/gm’*) is the gravitational 
constant]. This extraordinarily small 
number justifies the complete neglect 
of the gravitational force in discussing 
the elementary particles. 

I have already indicated that certain 
absolute conservation laws (of energy, 
momentum, angular momentum, charge 
number, baryon number, and lepton 
number) govern all three types of force 
which are of importance for the ele- 
mentary particles. I have also referred 
to at least one conservation law which 
holds for some of the forces but not 
all—that is, the conservation of strange- 
ness number is supposed to be valid 
for the electromagnetic and strong 
forces but not for the weak forces. 
There is at least one additional absolute 
conservation law (time reversal in- 
variance) which holds for all three 
types of force, and there are at least 
three approximate conservation laws 
(parity conservation, charge conjuga- 
tion invariance, and isotopic spin con- 
servation) which hold for at least one 
of the forces but not for all. It appears 
that the strong forces are governed by 
the largest number of conservation laws 
(and therefore are subject to the largest 
number of invariance principles), with 
the electromagnetic interactions gov- 
erned by fewer and the weak inter- 
actions subject to the least number of 
conservation laws. The correlation be- 
tween the strength of the interaction 
and the number of conservation laws is 
certainly one of the important problems 
in the field of elementary particle 
physics. 


Conservation of Parity, Charge 
Conjugation, Time Reversal 


In conclusion, I shall comment briefly 
on the conservation laws of parity, 
charge conjugation, and time reversal. 
These conservation laws were accepted 
as a priori principles for many years. 
Then in 1956 came the shocking 
demonstration of parity breakdown in 
beta-decay processes, and since then all 
three conservation laws have been re- 
investigated experimentally under all 
types of conditions. We can summarize 
the experimental situation at the present 
time as follows. In the domain of strong 
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forces, an experimental search for parity 
nonconservation has been made in con- 
nection with ordinary nuclear forces, the 
aN (pion-nucleon) force, and the 
AKN force. No evidence has been 
found for parity nonconservation. There 
is similarly no experimental evidence 
for parity nonconservation in electro- 
magnetic transition in atoms and nuclei. 
We may conclude that, just as for the 
strong forces, there is no experimental 
evidence for parity nonconservation in 
electromagnetic forces. 

The situation is spectacularly differ- 
ent for the weak forces. There are 
literally dozens of experiments where 
parity nonconservation has been dem- 
onstrated in an unambiguous fashion. 
Indeed, one of the most striking aspects 
of all of these experiments is that the 
parity breakdown is usually complete. 
Parity nonconservation effects have been 
found in all types of weak processes: 
in connection with the leptonic decays 
of the nucleon, muon, pion, and kaon 
and the nonleptonic decay modes of 
the hyperons. We are thus led to the 
over-all conclusion that there is abso- 
lutely no experimental evidence for the 
nonconservation of parity for the strong 
and electromagnetic forces but that 
there is overwhelming evidence for the 
maximum nonconservation of parity for 
all the weak forces, whether they in- 
volve leptons, mesons, or baryons, 
strange or non-strange. 

Next, consider the experimental evi- 
dence for the charge conjugation in- 
variance of the strong, electromagnetic, 
and weak forces among the elementary 
particles. In order to decide whether a 
force is invariant under charge con- 
jugation, we must compare a given 
physical process governed by this force 
with the charge conjugation transform 
of this physical process—namely, the 
physical process obtained by replacing 
every particle by its antiparticle. If 
the physical process and its charge 
conjugation transform governed by a 
given force are not identical (with 
respect to their cross sections, prop- 
erties of the decay products, and so 
on), we can conclude that the force is 
not invariant under charge conjugation. 
It turns out that the experimental situ- 
ation with regard to charge conjugation 
invariance is similar to that for parity 


conservation. Both the strong and 
electromagnetic forces are invariant 
under charge conjugation, whereas 


there is unequivocal experimental evi- 
dence for the breakdown of charge 
conjugation invariance in _ physical 
processes governed by the weak force. 


In the case of the weak force, direct d 
experimental evidence for the failure 
of charge conjugation invariance comes 
from the observation that the helicities 
(that is, left- or right-handedness) of 
the electron and positron are opposite 
from the and decays, respectively; 
that the helicities of the »” and p* are 
opposite from the =~ and z* decays, 
respectively; and that the helicities of 
the neutrino and antineutrino are op- 
posite in all decays in which they are 
involved. If these weak decays were 
invariant under charge conjugation, the 
particles and antiparticles would have 
to come out with the same zero helicity, 
Since the particles come out with 
opposite finite helicities, the breakdown 
of charge conjugation invariance is 
proved for the weak force. 

A serious effort has also been made 
to ascertain whether time reversal in- 
variance breaks down for any of the 
three forces. All the available evidence 
is in favor of the time reversal invari- 
ance of all physical processes—those 
governed by the weak force as well as 
those governed by the strong and elec- 
tromagnetic forces. 

Now there is a famous (“CPT”) 
theorem which says that if physical 
processes obey Einstein’s laws of special 
relativity, then they will be invariant 
under the product of the operations of 
charge conjugation (C), parity (P), 
and time reversal (7). We therefore 
reach the interesting conclusion that 
since all the forces among the elemen- 
tary particles (strong, electromagnetic, 
and weak) appear to be invariant under 
the time reversal operation, they must 
be invariant under the product of the 
charge conjugation and parity opera- 
tions (that is, we have CP invariance). 
This is a trivial statement for the strong 
and electromagnetic forces, since they 
are separately invariant under:C and P. 
However, the weak forces are separate- 
ly noninvariant under C and P, but 
nevertheless it turns out (as a result 
of the CPT theorem and their invari- 
ance under 7) that they are invariant 
under the product of the two operations 
C and P. An understanding of the fact 
that all forces among the elementary 
particles are CP-invariant, with the weak 
force separately noninvariant under C 
and P, is another intriguing problem of 
elementary particle physics. 


Note 


1. The Russians have recently produced an anti- 
=-hyperon with their 10.-Bev accelerator at 
Dubna. 

2. These experiments are discussed in G. Feinberg 
and M. Goldhaber, Proc. Natl. Acad. Sci. U.S. 
45 (1959). 
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Hybrid Corn and the 


Economics of Innovation 


Geographic differences in the use of hybrid corn are 
explained by differences in the profitability of that use. 


The idea that a cross between plants 
that are genetically unlike can produce 
a plant of greater vigor and yield than 
either of the parental lines dates back 
to Darwin and earlier. Serious research 
on hybrid corn, however, did not begin 
until the first years of this century, and 


' the first application of research results 


on a substantial commercial scale was 
not begun until the early 1930’s. During 
the last 25 years, the change from open 


. pollination to hybrid seeds has spread 


rapidly through the Corn Belt, and from 
the Corn Belt to the rest of the nation. 
The pattern of diffusion of hybrid 
corn, however, has been characterized 
by marked geographic differences. As 
shown in Fig. 1, some regions began 
to use hybrid corn much earlier than 
others, and some regions, once the 
shift began, made the transition much 
more rapidly than others. For example, 
Iowa farmers began planting hybrid 
corn earlier than did Alabama farmers, 
and Iowa farmers increased their acre- 
age in hybrid corn from 10 to 90 per- 
cent more rapidly than did Alabama 
farmers. 

Although the explanation of area dif- 
ferences in the pattern of diffusion of 
hybrid corn constitutes the main con- 
tribution of the study reported here (/), 
it is worth drawing attention first to the 
striking similarity in the general pattern 
of diffusion of hybrid seed in the vari- 


4 ous areas. Almost everywhere the de- 


velopment followed an S-shaped growth 
curve. As illustrated in Fig. 1, the rate 
of change is slow at first, accelerating 
until it reaches its peak, at approxi- 
mately the mid-point of development, 
and then slowing down again as the 
development approaches its final level 
(2). Interestingly enough, this pattern 
of development also applies to increases 
in the use of farm equipment—com- 
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bines, corn pickers, pickup balers, and 
field forage harvesters, as illustrated in 
Fig. 2. Similar patterns occur in the 
use of new drugs by doctors and in the 
diffusion of other new items or ideas 
(3). Thus, the data on hybrid corn 
and other technical changes in U.S. 
agriculture support the general finding 
that the pattern of technical change is 
S-shaped. 

Although the finding that technical 
change follows this pattern is not very 
surprising or new (4), it is very useful. 
It allows us to summarize large bodies 
of data on the basis of three major 
characteristics (parameters) of a dif- 
fusion pattern: the date of beginning 
(origin), relative speed (slope), and 
final level (ceiling). The interesting 
question then is, given this general S- 
shape, what determines the differences 
among areas in the origin, slope, and 
ceiling? Why were some areas ahead of 
others in first using hybrid corn? Why 
did hybrid corn spread faster in some 
areas than in others? Why did some 
areas reach higher levels of equilibrium 
than others? 


Date of Availability 


Although the idea of breeding hybrid 
corn as we know it today goes back at 
least to 1918, to D. F. Jones and the 
double cross, the dates at which superior 
hybrids actually became available in 
different areas varied widely. Hybrid 
corn was not a once-and-for-all innova- 
tion that could be adopted everywhere. 
Rather, it was an invention of a new 
method of innovating, a method of de- 
veloping superior strains of corn for 
specific localities (5). The actual proc- 
ess of developing superior hybrids had 
to be carried out separately for each 


locality. It is important to remember 
this fact before one blames, for ex- 
ample, the southern farmers for being 
slow to plant hybrid corn. Although 
superior hybrids became available in 
the Corn Belt in the early 1930's, it was 
only in the middle of the 1940’s that 
good hybrids began to appear in the 
South. Thus, the date for a given area 
on which commercial quantities of su- 
perior hybrid seed were first produced 
is one of the major determinants of the 
development in that area. 

We can take the date on which an 
area began planting 10 percent of its 
corn acreage to hybrid corn as the date 
on which superior hybrids became avail- 
able to farmers in commercial quanti- 
ties. As shown in Fig. 3, different areas 
in the United States reached the 10- 
percent level on different dates. For 
example, this level was reached in 1936 
in some parts of Iowa and in northern 
Illinois but was not reached until after 
1948 in some parts of Alabama and 
Georgia. The usefulness of the 10- 
percent level as a measure of the com- 
mercial availability of hybrid corn seed 
is indicated by the very close cor- 
respondence between this and an al- 
ternative measure. From records of 
state yield tests and from other publica- 
tions it is possible to determine in what 
year hybrids first outyielded open-polli- 
nated varieties by a substantial margin 
in a given locality. The “10-percent” 
definition used in this study has a .93 
Spearman rank correlation coefficient 
with the “technical” definition. 

Area differences in date of first plant- 
ing of hybrid corn can be explained in 
terms of differences in date of availa- 
bility of hybrid corn seed. Area differ- 
ences in date of availability, in turn, can 
be explained, in part, in terms of some 
simple economic factors. Innovators 
among the seed producers first entered 
those areas where the expected profits 
from the commercial production of hy- 
brid corn seed were largest. They enter- 
ed the “good” areas ahead of the “poor” 
ones. It is no accident that, though the 
major innovation occurred in Connecti- 
cut, commercial development began in 
the heart of the Corn Belt where the 
potential market—farmers who buy and 
plant corn seed—was largest. The 
profits that seed producers can expect to 
make in a given region depend upon the 
size of the market for corn seed in that 
region and the cost of entry in that 
region. 


The author is affiliated with the National Bu- 
reau of Economic Research, Inc., New York, 
N.Y., and the University of Chicago. 
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Market Density and Cost of Entry 


The close correlation for an area be- 
tween the date of availability of hybrid 
corn seed and the market for corn seed 
may be seen by comparing Fig. 3 with 
two reasonable measures of the market. 
The first measure is the density of corn 
acreage in 1949, shown in Fig. 4; the 
second measure is the density of corn 


pickers in use on farms, shown ‘in Fig. 
5 (the second measure is the better in- 
dex of the “goodness” of a corn area 
and provides the best simple outline of 
the Corn Belt). This correlation is also 
demonstrated by plotting the date of 
entry of hybrid-seed producers into an 
area, as measured by the date on which 
farmers devoted 10 percent of their corn 
acreage to hybrid corn, against the 
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Fig. 1. Percentage of all corn acreage planted to hybrid seed. [Agricultural Statistics] 
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Fig. 2. Machines in use on farms in the United States, 1940-59. Note the resemblance 
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to Fig. 1. [U.S. Dept. Agr. Statist. Bull. No. 233 (1959)] 
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average market density of the area. As 
shown in Fig. 6 the lower the market 
density, the later the date of entry into 
a given area. The rank correlation is 
high (.7), and even higher (.9) if the 
Southeast is excluded from the compu- 
tations. The Southeast is a special case. 
It was entered later because of the rela- 
tive lateness of the research contribu- 
tions by the region’s experiment stations 
and the obstacles put in the way of 
private seed companies in that area, 
Moreover, when one gets down to a 
certain low level it does not really pay 
to discriminate between areas on the 
basis of their relative market densities, 
and other variables become more sig- 
nificant. 

Deviations in the correlation between 
the spread of hybrid corn and the dis- 
tribution of the market can be ex- 
plained by the cost of entry factor. Cost 
of entry depends, among other things, 
on how different the area is from those 
already entered, and on whether experi- 
ment stations have already developed 
inbred lines and whole hybrids adapt- 
able to the area. Study of Figs. 3, 4, 
and 5 shows first that the spread was 
much faster latitudinally than it was 
longitudinally. The reason, in part, is 
that an important factor determining 
the range of adaptability of a particular 
hybrid is the length of the growing 
season. To a large extent this is a func- 
tion of latitude, and as one moves east 
or west the chances that the same hy- 
brid will be adaptable to new areas are 
much higher than they are if one moves 
north or south. Nevertheless, the move- 
ment north seems to have been faster 
than the movement south. This is partly 
because of the larger markets in the 
north but is also a reflection of the 
special contributions of the Minnesota 
and Wisconsin agricultural experiment 
stations. They entered hybrid corn re- 
search very early in the game and con- 
tributed a great deal more than one 
would have expected from them just on 
the basis of the relative importance of 
corn in their states. Similarly, the con- 
tributions of Texas, Louisiana, and 
Florida stations came earlier and were 
relatively larger than those of the other 
stations in the South, which produced 
little of importance till the middle 
1940’s. This would explain to some ex- 
tent why hybrid corn moved into the 
Southwest before it did into the South- 
east. Moreover, quite a few of the Corn 
Belt inbreds and hybrids proved adapt- 
able in the Southwest. It was more like 
the Corn Belt than was_the Southeast, 
and it did not suffer to the same extent 
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Fig. 3. The spread of hybrid corn: Areas that planted 10 or more percent of their corn 


from insect and disease problems that 
corn-breeders in the Southeast had to 
deal with (6). 

Since cost factors in areas that are 
close together are likely to be similar, 
we may assume that entry into the 
neighborhood of an area makes entry 
into the area itself more likely, and 
thus we may use the earliest date of 
entry into any of the immediately 
neighboring areas as a proxy variable 
for the cost of entry into the given 
area. This variable and the measure of 
market density, taken together, explain 
to a large extent the variability in the 
dates on which hybrid corn was intro- 


duced in different parts of the country 
and support the statement that the in- 
novators were influenced by considera- 
tions of profit, entering those areas first 
where the expected profits from inno- 
vation were highest. 


Rates of Acceptance 


The rate at which farmers in a region 
accepted hybrids, once hybrid corn be- 
came available, also varied from area to 
area. As shown in Fig. 7, this rate was 
highest in Iowa and the surrounding 
area and lowest in some of the areas of 


acreage to hybrid seed in specified years. 


the Southeast and the Mississippi Delta 
states. The differences in the rates of 
acceptance are largely demand phe- 
nomena, not a result of different supply 
conditions. After the first few years, in 
most of the places and most of the time, 
the supply of seed was not the limiting 
factor. The rate of acceptance is taken 
to be the relative speed of the diffusion 
process—that is, it is the slope coef- 
ficient of the S-shaped curve (7). The 
measure is such that a value of 1.00 
means that it takes 4 years for the acre- 
age devoted to hybrid corn to rise from 
12 to 88 percent, while a value of 0.5 
implies that it would take 8 years, or 
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Fig. 4 (left). The market for hybrid seed. Corn acreage in 1949. Fig. 5 (right). Corn pickers on farms, 1950. This is a better index 
than corn acreage of the “goodness” of an area with respect to corn growing and provides the best single outline of the Corn Belt. 


29 JULY 1960 


277 


| 


twice as long, for this same rise to occur. 

The rate at which farmers accept a 
new technique depends, among other 
things, on the magnitude of the profit 
to be realized from the change-over. 
This hypothesis is based, first, on the 
general observation that the larger the 
stimulus the faster the reaction to it, 
and, second, on the fact that in an un- 
certain environment it takes a shorter 
time to find out that there is a difference, 


if that difference is large (8). Farmers 
doubted that this new hybrid corn was 
any good, and it took them some time 
to become convinced of its superiority. 
Individual farmers followed a develop- 
ment pattern of their own in shifting 
from open-pollinated to hybrid seed in 
planting their corn acreage (see Fig. 8). 
Almost no farmer planted 100 percent 
of his corn acreage to hybrid seed 
the first time he tried it (9). 


Yield per Acre and Acres per Farm 


_The rate at which farmers shifted to 
hybrid corn depends, among other 
things, upon the profitability of such a 
shift. This in turn depends upon the 
absolute superiority of hybrids in corn 
yield in bushels per acre, and on the 
average number of acres per farm plant- 
ed to corn. 

It is widely accepted that hybrids out- 
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Fig. 6. Average market density by date of entry: Corn acres as 
a percentage of land in farms for crop-reporting districts reach- 
ing 10-percent use of hybrid seed corn in a specified year. 
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Fig. 7. Estimated rate of acceptance of hybrid corn by farmers 
in different parts of the country. A value of 1.00 means that it 
took 4 years for an area to increase its percentage of corn acres 
planted to hybrid seed from 12 to 88 percent. A value of 0.5 
implies that it took twice as long, 8 years, to accomplish the 
same change. 
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Fig. 8. The acceptance of hybrid corn in Iowa. Each farmer 
planted only a small fraction of his corn acreage to hybrid seed 
on his first trial. Only very late in the spread process did the 
“first timers” become bolder. [B. Ryan, Rural Sociol. 13, 273 
(1948); Agricultural Statistics.] 
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Fig. 9. The profitability of hybrid corn, as measured by average 
corn yields per acre, 1940-49. Since the superiority of hybrids 
was a constant percentage at different yield levels, differences in 
the absolute superiority of hybrids between areas are indicated 
by differences in the long-run levels of corn yields in the various 
areas. The period 1940-49 is neither strictly a pre- nor a post- 
hybrid period, but the differences in the levels of hybrid seed 
use in different areas during this period are unlikely to affect the 
relative ranking of the various regions with respect to their 
long-run corn-yield potentials. [From A. Grotewold, Regional 
Changes in Corn Production in the U.S. from 1909 to 1949 
(Chicago, 1955)] 
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yielded open-pollinated varieties by ap- 
proximately 15 to 20 percent and that 
this percentage superiority did not vary 
much between different areas (10). 
Since similar percentage increases in 
yield imply different absolute increases 
in bushels per acre in areas where the 
previous yields were different, a good 
measure of the absolute superiority of 
hybrids over open-pollinated varities is 
given by the long-run level of corn 
yields in various areas. The distribution 
of corn yields in the United States, as 
shown in Fig. 9, shows strikingly close 
correlation with the distribution of 
rates of acceptance of hybrid corn, as 
shown in Fig. 7; The higher the yield, 
the higher the rate of acceptance. 

Where the rate of acceptance fails to 
correlate with the yield per acre, the 
failure can be explained by taking into 
account the difference in the average 
number of acres of corn per farm 
(corn acreage per farm increasing as 
one moves from East to West), since 
what is important is not only the profit- 
ability per acre but also the profitabili- 
ty per farm. A large fraction of the 
variability between areas in the rate of 
acceptance of hybrid corn by farmers 
can be explained with the help of these 
two “profitability” variables (71). 


Equilibrium Level 


In an analysis of the use of hybrid 
corn in this country, one must consider, 
finally, differences in the equilibrium 
level reached—that is, differences in the 
fraction of the acreage which is ulti- 
mately devoted to hybrid seed. As 
shown in Fig. 10, different levels were 
found in different areas of the country. 
By 1959, close to 100 percent of the 
corn acreage in most of the Corn Belt 
and in its northern and eastern fringes 
was planted to hybrid seed. Substantial- 
ly lower percentages were found only 
in the western fringes of the Corn Belt 
and in the deep South. In the South, 
the level is still changing, moving to- 
wards an equilibrium level of approxi- 
mately 70 to 80 percent of the corn 
acreage planted to hybrid seed. The 
western parts of Nebraska, South Da- 
kota, and Kansas have already reached 
their equilibrium level of approximately 
30 to 60 percent. These are areas of 
very low and very variable yields, where 
the use of hybrid seed is unprofitable 
except on the better land or on land 
under irrigation. 

Differences in the equilibrium level 
are explained by differences in the aver- 
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Fig. 10. Hybrid corn today (1959). Approximate percentage of total corn acreage 
planted to hybrid seed. State Agricultural Statisticians’ release and unpublished Agri- 


cultural Marketing Service data. 


age profit to be realized from the shift 
to hybrid seed. In an area of high 
average profit no farmer faces a loss 
from the shift. In areas of low average 
profit a substantial proportion of the 
farmers face the possibility of having 
no return or even of sustaining a loss on 
their investment. The ceiling, or the 
fraction of the corn acreage that will 
ultimately be planted to hybrid seed, is 
not unique or constant. It will change 
with the introduction of better hybrids, 
with improvements in the market for 
corn, and with large changes in corn 
acreage. Nevertheless, for almost all of 
the areas except the very marginal ones, 
a constant ceiling fits the data well. 
Variation in these ceilings across the 
country can be explained in good part 
by the same two measures of profita- 
bility: the average absolute superiority 
of hybrids and the average number of 
acres per farm planted to corn. 


Relation to Studies by Sociologists 


It may prove useful to relate the re- 
sults of this study to earlier work by 
sociologists in this area (72). In previ- 
ous analyses of similar data it was main- 
ly individual behavior that was investi- 
gated—that is, Who are the first and 
who are the last to adopt hybrid corn? 
—and an attempt was made to explain 


such behavior on the basis of differ- 
ences in personality, education, eco- 
nomic status, and social environment. 
An attempt to use some of these vari- 
ables (for example, level-of-living in- 
dexes) in explaining differences be- 
tween states in the rate of acceptance 
of hybrid corn proved unsuccessful in 
this study. 

It is my belief that in the long run, 
and when the country is taken as a 
whole, many of these variables either 
do not vary enough to be significant or 
tend to cancel themselves out, leaving 
the economic variables as the major 
determinants of the patterns of techno- 
logical changes. This does not imply 
that the “sociological” variables are not 
important if one wants to know which 
individual will be first or last to adopt a 
particular technique, only that these fac- 
tors do not vary much from area to 
area. Moreover, the distinction between 
“economic” and “sociological” variables 
is partly semantic, and a very difficult 
one to make in practice. Some of the 
variables used in this study—for ex- 
ample, yield of corn and corn acres per 
farm—are closely correlated with such 
variables as education, level-of-living, 
and socioeconomic status. It is very dif- 
ficult to discriminate between the va- 
lidity of the assertion that hybrids were 
accepted slowly because it was a “poor 
corn area” and the assertion that the 
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slow acceptance was due to “poor 
people.” Poor people and poor corn 
are very closely correlated in the United 
States. Nevertheless, one may find a 
few areas where this is not so. Obvious- 
ly, the slow acceptance of hybrids on 
the western fringes of the Corn Belt—in 
western Kansas, Nebraska, South Da- 
kota, and North Dakota—does not re- 
flect low economic status of the people 
but is the result of “economic factors” 
which make this a poor corn area. 


Summary and an Implication 


This study has increased our under- 
standing of a body of data. What were 
originally puzzling and seemingly pe- 
culiar patterns in the data have been 
explained. The use of hybrid seed in an 
area depends, in part, upon the date at 
which superior hybrids become avail- 
able. This date, in turn, depends upon 
the activities of seed producers guided 
by their expectations of profits, and up- 
on the contributions of the various ex- 
perimental stations. Thus, the South 
was late in getting hybrids because the 
market for seed was substantially poorer 
there than in other areas and because 
southern experiment stations produced 
few hybrids of importance until the 
middle 1940’s. The use of hybrid seed 
in an area also depends upon the rate at 
which hybrids are accepted by farm- 


the profit farmers expect to realize 
from the shift to hybrids. Thus, farmers 
in the Corn Belt accepted hybrids at a 
faster rate than farmers in the South 
because the absolute magnitude of profit 
was higher in the Corn Belt than in the 
South. Similarly, the fraction of acreage 
ultimately planted to hybrid seed de- 
pends upon expectations of profits to be 
realized from the change and the dis- 
tribution of these expectations around 
their mean. 

When uncertainty and the fact that 
the spread of knowledge is not instan- 
taneous are taken into account, it ap- 
pears that American seed producers and 
American farmers have behaved, on the 
whole, in a fashion consistent with the 
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ers. This rate, in turn, depends upon ~ 


idea of profit maximization. Where the 
evidence appears to indicate the con- 
trary, I predict that a closer examination 
of the relevant economic variables will 
show that the change was not as profit- 
able as it appeared to be (/3). 

This study of hybrid corn has at 
least one interesting implication. Hybrid 
corn was an innovation which was more 
profitable in the “good” areas than in the 
“poor” areas. This, probably, is also a 
characteristic of many other innova- 
tions. Obviously, tractors contribute 
more on large than on small farms, and 
so forth. Hence, there may a tendency 
for technological change to accentuate 
regional disparities in levels of income 
and rates of growth. Moreover, this 
tendency is reinforced by the economics 
of the innovation process, which results 
in the new techniques being supplied to 
the “good” areas before they are. sup- 
plied to the “poorer” areas, and also in 
the more rapid acceptance of these 
techniques in the “good” areas. A lag 
of this sort can by itself cause long-run 
regional differences in levels of income. 
The kinds of inventions we get, and the 
process by which they are distributed, 
may lead to aggravation of the already 
serious problem of regional differentials 
in levels of income and growth. 
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crop-reporting-district level. 

7. More exactly, the measure is the slope co- 
efficient of the logistic growth curve as ad- 
justed for ceiling differences. For an ex- 
planation of this measure see Z. Griliches, 
Econometrica (Oct. 1957). 

8. This is analogous to sequential sampling. 
The “average sample number’’—that is, the 
expected length of the experiment—will de- 
pend, among other things, inversely on the 
difference between the means of the two 
populations being sampled and directly on 
their variance. 

9. That this is rational behavior in the face of 
uncertainty is intuitively obvious but difficult 
to prove. See H. A. Simon, Models of Man 
(New York, 1957). 

10. Of course, hybrids differed from open-pol- 
linated varieties not only in yield but also 
in improved stand, in uniformity, and in re- 
sistance to disease. However, there are no 
good quantitative measures of improvement 
in factors other than yield, and besides, most 
of the other improvements were correlated 
with the increases in yield. 

11. Similar results were obtained from unpub- 
lished Agricultural Marketing Service data 
on the actual difference in the yield of hybrid 
and of open-pollinated varieties as a measure 
of the superiority of hybrids. Both the fit 
and the coefficients were very similar. 

12. See, for example, B. Ryan and N. Gross, 
“Acceptance and Diffusion of Hybrid Com 
Seed in Two Iowa Communities,” Iowa Agri. 
Expt. Sta. Research Bull. No. 372 (Jan. 
1950), and “How Farm People Accept New 
Ideas,” Jowa State Coll. Spec. Rept. No. 15 
(Nov. 1955). 

13. That these findings are not restricted to hy- 
brid corn has been confirmed by a recent 
study of the spread of a series of industrial 
innovations (diesel locomotives, continuous 
mining machines, and so on) within partic 
ular industries. It was found there that (i) 
the logistic growth curve summarized the 
data well, and (ii) most of the variability in 
the rate of acceptance of different innova- 
tions can be explained on the basis of the 
Telative profit to be realized from the in- 
novation and the size of the required initial 
investment. See E. Mansfield, “Technological 
change and the rate of imitation,’ a paper 
that was read at the 1959 winter meetings 
of the Econometric Society in Washington, 
DS. 
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Samuel Alfred Mitchell, 


Solar and Stellar Astronomer 


Samuel Alfred Mitchell was born in 
Kingston, Ontario, on 29 April 1874 
and died in Bloomington, Indiana, on 
22 February 1960. He received the 
master of arts degree at Queens Col- 
lege in 1894 and the degree of doctor 
of philosophy in astronomy at Johns 
Hopkins in 1898, then spent one year 
at the Yerkes Observatory as research 
assistant in astronomy. From 1899 to 
1913 he taught at Columbia University. 
In 1913 he succeeded Ormond Stone as 
professor of astronomy and director of 
the Leander McCormick Observatory 
of the University of Virginia. He be- 
came director emeritus in 1945. 

Mitchell’s scientific activities broadly 
covered three fields: stellar parallax and 
related problems, variable stars, and 
solar eclipses. During his 32 years of 
directorship, the McCormick Observa- 
tory developed into an important center 
of astronomical research. One of the 
most urgent astronomical problems at 
the beginning of the 20th century was 
that of determining stellar distances. In 
1907, and again between 1909 and 
1913, Mitchell participated in the pio- 
neering work of Frank Schlesinger on 
the determination of trigonometric 
stellar parallaxes from photographs 
taken with the long-focus refractor of 
the Yerkes Observatory. Mitchell at- 
tacked this problem with the 26-inch 
McCormick refractor, following Schle- 
singer’s methods. With the assistance 
of C. P. Olivier (now director emeritus 
of the Flower and Cook Observatory), 
H. L. Alden (the present director of the 
McCormick Observatory), and numer- 
ous others, Mitchell made the Mc- 
Cormick Observatory into one of the 
leading observatories contributing to 
photographic parallax determinations. 
A first volume (McCormick Observa- 
tory Publications, vol. 3), containing 
260 parallaxes, was published in 1920, 
to be followed by volumes 4, 8, and 
14; the work is being continued. 

In 1922, the Dutch astronomer 
Kapteyn pointed out the potential im- 
portance of parallax plates for the 
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determination of accurate proper mo- 
tions, particularly in regions centered 
on bright stars, and the importance of 
these findings for the determination of 
proper motions of faint field stars, re- 
ferred to the system of the bright stars. 
Mitchell and Alden recognized the 
significance of this new field, which 
now became an additional program of 
the McCormick Observatory. Mitchell 
invited Peter van de Kamp from the 


Samuel Alfred Mitchell [Virginia State Chamber of Commerce] 


Kapteyn Astronomical Laboratory in 
Groningen to participate in this work, 
which was destined to continue for 
several decades and led to important 
statistical knowledge of the motions of 
faint stars, such as-the determination 
of preferential motion, solar motion, 
galactic rotation, and precessional con- 
stants. This proper-motion work 
reached its highest activity during the 
1930’s and 1940's, as carried out by 
A. N. Vyssotsky and E. T. R. Williams. 
The results of the work are found pri- 
marily in volumes 4, 7, and 10 of the 
McCormick Publications. 

Another development of the original 
parallax work was the determination 
of mass ratios of binary stars which 
had been photographed over several 
decades. A further by-product of the 
initial parallax program was the occa- 
sional discovery of perturbations of 
single stars, which pointed to the exist- 
ence of unseen companions. The classi- 
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cal photographic example is the faint 
red dwarf star Ross 614, which has a 
perturbed motion first discovered, in 
1935, by D. Reuyl at the McCormick 
Observatory. Twenty years later, from 
subsequent studies at the Sproul Ob- 


servatory, the location of the com- 
panion star was predicted, and the 
companion was both seen and photo- 
graphed with the 200-inch Hale tele- 
scope at Palomar Observatory. A num- 
ber of other perturbations have since 
been discovered at the McCormick Ob- 
servatory and await further analysis. 
Various other aspects of double-star 
work were carried out under Mitchell’s 
directorship. 

In 1926 Mitchell initiated the taking 
of first epoch plates of Cepheids for 
the purpose of ultimately testing the 
zero point of the period luminosity 
curve. A similar program on _ long- 
period variable stars was also begun 
some time later. 

The second area of Mitchell’s activ- 
ity was visual observation of variable 
stars. Again assisted by Olivier, Alden, 
and others, Mitchell observed a large 
number of long-period variable stars; 
with the McCormick telescope, stars 
down to the 15th magnitude or even 
fainter could be observed. This work 


included the determination of standard 
magnitudes for the comparison stars, 
used now by the American Associa- 
tion of Variable Star Observers. Mitch- 
ell also established visual photometric 
standards in selected areas of the sky. 

Thirdly, Mitchell devoted consider- 
able time to the observation of total 
solar eclipses. Between 1900 and 1934 
he traveled to observe some ten total 
eclipses and obtained excellent photo- 
graphs of several of them. He was 
particularly proud of his photograph of 
the “flash” spectrum of the chromo- 
sphere, taken when he was in Spain in 
1905. With the collaboration of E. T. 
R. Williams and of Rupert Wildt, 
Mitchell derived important astrophysi- 
cal information from these spectra. His 
book Eclipses of the Sun, published by 
the Columbia University Press, has 
gone through several editions. 

Numerous other phases of astronom- 
ical work were started under Mitch- 
ell’s directorship, such as Vyssotsky’s 
discovery and study of nearby red 
dwarfs from objective-prism spectra 
taken with a 10-inch refractor. The 
same instrument has been used to 
supply spectral classifications of over 
100,000 stars to several other observ- 
atories. 


Science in the News 


Thinking about Disarmament: 
The Search for a Policy Turns 
Up Several Apparent Paradoxes 


There has been a general increase 
in research on the problem of disarma- 
ment, dating from 1958 when the ap- 
parent progress being made at the 
Geneva test ban negotiations led to a 
feeling that the time might be right for 
at least some modest progress in other 
areas of arms control. The research 
has reflected a new and still evolving 
attitude among policy makers, who 
have tended in the past to regard dis- 
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armament negotiations as something 
which has to be undertaken for the 
sake of impressing the world with a 
nation’s peaceful intentions but from 
which no real progress is to be ex- 
pected. Interest in research on disarma- 
ment continues, despite the collapse of 
the Geneva disarmament negotiations 
and the present precarious state of the 
talks for banning nuclear weapons test- 
ing. 

One fundamental difficulty in ob- 
taining disarmament, as has_ been 
pointed out by Hans Morgenthau, of 
the University of Chicago, is that, with- 


For several years, Mitchell was chair- 
man of Committee A, on Academic 
Freedom and Tenure, of the American 
Association of University Professors 
and contributed to the work of this 
important committee. 

Upon reviewing my 14 years’ as- 
sociation (1923-1937) with Mitchell, 
I am impressed by the prodigious 
amount of work that was done under 
his directorship. Over the years, he 
gathered around him a number of 
dedicated astronomers who, operating 
on a small budget, with a minimum of 
secretarial and computational assist- 
ance, reached a vigorous rate of pro- 
ductivity. In addition to the enthusiasm 
of Mitchell and his co-workers, the fine 
quality of the 26-inch objective and the 
Virginia climate, one of the best for 
astronomical observation along the 
Atlantic seaboard, were factors in this 
productivity. That the small staff of the 
McCormick Observatory achieved so 
much was due, in no small measure, 
to the organizational qualities and the 
energetic directorship of Samuel Alfred 
Mitchell. 

PETER VAN DE KAMP 
Sproul Observatory, 
Swarthmore College, 


_ Swarthmore, Pennsylvania 


out an international judiciary with the 
power to enforce its decisions, a na- 
tion is able to protect its interests, ulti- 
mately, only by the use or threat of 
use of military power. Consequently, 
disarmament can only follow, not pre- 
cede, a relaxation of the tensions which 
have brought on an arms race. The 
value of such arms limitation agree- 
ments as might be reached is likely to 
be wholly illusory, as was, for example, 
that of the widely hailed Kellogg- 
Briand pact of 1928, which pledged its 
signatories to renounce war as an in- 
strument of national policy. 

Currently, research on disarmament 
is being conducted at the Rand Cor- 
poration, Santa Monica, California, 
which is a nonprofit organization sup- 
ported primarily by the Air Force, and 
at several centers of international af- 
fairs at leading universities, with sup- 
port by government and private grants. 
Until recently the program at Rand 
involved the part-time efforts of 12 
men, but the research is being ex- 
panded. 
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The Traditional View 

The goal of disarmament is part of 
the larger goal of seeking ways to re- 
duce the likelihood of war. In the pur- 
suit of this broader goal, the traditional 
emphasis has been less on disarmament 
and more on striving for a stable bal- 
ance of power—that is, a balance in 
which no nation or alliance would be 
tempted to start a war since it would 
be opposed by an alliance strong 
enough to make the war extremely 
costly, strong enough to make the ag- 
gressor nation realize that there was a 
good chance it would lose the war. 
The trouble with the balance of power 
theory, according to some students of 
the problem today, is that nations do 
not behave as rationally as one would 
wish. A war can begin without either 
side really wanting it. 

Present research on the problem of 
reducing the likelihood of war, al- 
though widely known as “disarmament 
research,” differs chiefly from the tra- 
ditional concern with the balance of 
power in replacing that concept with 
the concept of the balance of terror— 
that is, a balance among nations any 
of which has the power to pour devas- 
tation upon any other nation even if it 
is itself the victim first of a devastating 
surprise attack. 

Some students of international af- 
fairs have now come to believe that 
a nation may find it in its own interest 
to work actively with its potential enemy 
to achieve a stable balance rather than 
seek only to maximize its own power 
and leave the potential enemy to keep 
pace. This school also believes that, 
given an apparently stable balance, ri- 
val powers may be able to work much 
more consciously than they have in the 
past to lessen the chance of war by acci- 
dent, by misunderstanding, or by mis- 
calculation. 

What is being sought today under 
the heading of “disarmament research,” 
accordingly, is not so much a decrease 
in the likelihood of war through dis- 
armament as a decrease through an in- 
crease in international stability. In the 
short run. at least, according to some 
students, serious proposals for reduction 
in armaments may play only a minor 
tole in the effort to reduce the likeli- 
hood of war. This state of affairs is 
partly the result of the great difficulty 
of working out adequate inspection 
measures to insure that the provisions 
of a disarmament treaty are obeyed 
and partly the result of uncertainty 
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concerning the effect of certain types 


of arms reductions on the goal of in- 


creasing international stability. In fact, 
it has been argued that disarmament, 
unless carefully planned, could, para- 
doxically, increase rather than decrease 
the danger of war. 


Difficulties Facing Disarmament 


It has been argued, for example, that 
the most promising areas for arms con- 
trol today are not those which involve 
the dismantling of nuclear stockpiles 
and missiles; that, on the other hand, 
it is the very existence of massive and 
invulnerable deterrent forces that is the 
best safeguard against a nuclear war, 
since no nation can wish to start a 
war which it can be certain will lead 
to the inevitable devastation of its home- 
land. This view suggests that general 
nuclear disarmament may decidedly 
increase world tensions, since in the 
absence of an absolutely foolproof in- 
spection system, which would probably 
be impossible to achieve, each nation 
would be stricken with fear that its 
rivals might be secretly assembling a 
nuclear striking force before which the 
nation observing the weapons ban would 
be defenseless. In any case, it can be 
argued that general nuclear disarma- 
ment, even if it could be achieved, 
would in one sense be illusory. For the 
technical knowledge of how to build 
bombs and missiles would still exist, and 
the outbreak or perhaps even the threat 
of outbreak, of war would be quickly 
followed by a race for nuclear rearma- 
ment; a nation might even be tempted 
to strike before the other fellow had a 
chance to assemble a nuclear force. 

The weight of such arguments, plus 
the enormous difficulties of working 
out adequate and acceptable nuclear 
inspection systems, has led the research- 
ers to think primarily in terms of sta- 
bility-enhancing proposals with far 
more limited objectives than general 
disarmament and even to suggest that, 
in the short run at least, stability might 
be increased by additional armaments, 
including certain types of nuclear 
weapons. 

The new research on “disarmament” 
involves attempts of political scientists, 
physicists, military experts, students of 
international law, and experts in still 
other fields to formulate proposals for 
promoting stability and to think them 
through carefully so that their implica- 
tions may be understood as thoroughly 
as possible—H.M. 


News Notes 


Another Round in the Test-Ban 
Talks: The Pool Proposal 


The United States has attempted to 
meet the Soviet demands for “safe- 
guards” to insure that the U.S. seismic 
research program to improve methods 
of policing small underground nuclear 
explosions would not also serve to de- 
velop new weapons. At the Geneva 
test-ban talks on 12 July, James J. 
Wadsworth, the U.S. delegate, pro- 
posed the creation of a pool of early 
Western and Soviet nuclear devices that 
would be open to inspection and use 
by both sides. 

This latest attempt to break the dead- 
lock in the proceedings, which have 
been stalled for weeks over the method 
of carrying out a research program to 
improve existing seismic detection of 
small-scale underground tests, was ac- 
knowledged by the Soviet delegate, 
Semyon K. Tsarapkin, with a promise 
to refer the proposal to Moscow for 
study. 

The terms of the proposal provide 
(i) that the three nuclear powers would 
supply approximately the same number 
of early nuclear weapons; (ii) that these 
devices would be inspected externally 
and internally (without destruction) by 
all three parties at the time of dep- 
osition; (iii) that the devices would be 
placed under international guard; and 
(iv) that each country could then with- 
draw from the pool devices to carry 
out research programs which had re- 
ceived the approval of the three parties. 
Each nation could use nuclear weapons 
of the other two nations for research 
purposes. 


Soviet Reaction 


Soviet reaction to the plan, while 
unofficial, has perhaps indicated the 
position that Moscow will take. Tsar- 
apkin, addressing the summer school of 
the World Federation of United Na- 
tions Associations in Geneva on 19 
July, did not object to the relaxation 
of American nuclear-secrets legislation 
to allow inspection of the test devices 
by the Soviet Union, but he denounced 
the proposal of international contribu- 
tion to the pool as “fantastic” and “non- 
sensical.” As the Soviet Union is per- 
fectly satisfied with the existing detec- 
tion system and intends to conduct 
no research, he asserted, there is no 
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reason for the Soviet Union to con- 
tribute devices to such a pool; the 
United States, however, definitely should 
allow inspection of those weapons which 
will be used in the proposed research 
program. The Russians have asserted 
that without Soviet inspection the 
United States would be able to test illicit 
weapons, 

Tsarapkin used this opportunity to 
repeat charges that “influential forces” 
in the U.S are blocking the signing of 
a treaty banning all nuclear tests. Sir 
Michael Wright, the British delegate, 
who addressed the summer-school group 
after the Soviet delegate had concluded 
his remarks, dismissed the Russian’s 
speech as “propaganda.” Wright had 
indicated British approval of the latest 
American plan at the time of its pro- 
posal. 


Secrecy Legislation 


In proposing the plan, Wadsworth 
announced that the Administration 
would ask Congress to relax existing 
secrecy legislation to allow the plan to 
become operative. (Relaxations would 
apply only to devices for seismic re- 
search programs.) The Administration 
first broached the idea of Soviet inspec- 
tion of American nuclear devices to 
the Joint Committee on Atomic Ener- 
gy on 24 June. The adverse reaction 
of the committee led to the resubmis- 
sion of the proposal three days later 
with a clause providing for reciprocal 
inspection. 

A member of the committee, Bourke 
B. Hickenlooper (R.-Iowa) has stated 
that he sees no objection to reciprocal 
inspection of “obsolete” nuclear devices. 
Other political sources have questioned 
the Administration’s ability to pass 
such legislation during a campaign 
year. 

The purpose of the nuclear-secrets 
legislation has been twofold: (i) to pre- 
vent information from falling into So- 
viet hands and (ii) to keep non-nuclear 
nations from obtaining material which 
would assist them in developing atomic 
weapons. The former concern now ap- 
plies only to the more advanced weap- 
ons, but the latter involves the older 
weapons as well. The question has been 
raised in some political circles as to 
how the United States could share such 
information with the Soviet Union and 
refuse to make it available to U.S. 
allies. 

Existing legislation empowers the ex- 
ecutive branch to tell our allies only 
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about the external characteristics of 
our nuclear devices so that U.S. war- 
heads can be fitted on allied delivery 
systems. Great Britain is an exception. 
Under the terms of the Atomic Energy 
Act of 1954 no country can be told of 
the weapon design or nuclear compo- 
nents of these devices, but a 1958 
amendment to this law enabled the ex- 
ecutive branch to give this information 
to Great Britain. 


Other Developments 


Earlier this month, in another de- 
velopment, the Russians agreed to a 
British plan for East-West parity in 
top jobs on the international control 
board which would supervise the mora- 
torium on nuclear testing. This plan 
provides that the chief administrator 
and his principal deputy will be neu- 
trals acceptable to both sides. The four 
other deputy-administrator positions will 
be divided equally between the East 
and the West. 

The day after the pool plan was sub- 
mitted, Wadsworth announced that the 
United States agreed to the idea of a 
fixed number of inspections for the 
parties to the treaty. The treaty pro- 
posals still do not specify the number 
of such inspections, but irformally the 
United States has suggested 20 inspec- 
tions for the Soviet Union. Wadsworth 
again urged Tsarapkin to state the num- 
ber of inspections that would be ac- 
ceptable to the Russians. Tsarapkin con- 
tinued his 20-month silence on this 
question. 

The U.S. proposal also outlined the 
following procedure for establishing the 
number of inspections for nations that 
would sign the treaty in the future. In 
the beginning each new country would 
agree to one inspection per year for 
each 500,000 square kilometers; as the 
control commission gained experience, 
quotas of no fewer than two a year 
would be fixed for each country. Any 
party to the treaty would have the right 
to demand inspection in countries other 
than the original three, within their re- 
spective quotas. 

The United States, in advancing the 
pool proposal and in agreeing to the 
idea of a fixed number of inspections, 
has set a new test of Soviet intentions 
as regards the test-ban treaty. Wash- 
ington has stepped up the pace of the 
Geneva discussions to find out if Mos- 
-cow intends to sign the treaty or if the 
Soviets are determined to keep the nego- 
tiations open indefinitely. 


Pituitary Bank Founded 


The establishment of the first pitui- 
tary bank in the world has been an- 
nounced by the University of Califor- 
nia Medical Center in San Francisco, 
Roberto F. Escamilla, clinical profes. 
sor of medicine, will direct the bank, 
which will supply human _ pituitary 
glands for the treatment of children 
stunted by a deficiency of growth 
hormone. The need for such a bank 
has been demonstrated by research 
conducted in the medical school’s Hor- 
mone Research Laboratory on_ the 
Berkeley campus. 

Establishment of the bank is being 
aided by a grant from the Jefferson 
McLeod Moore Fund of the School 
of Medicine. Clinical studies have been 
supported by the Lasker Foundation, 
the American Cancer Society, and the 
McKee Fund of the School of Medi- 
cine. 

Donations to the bank are to be 
made in the same manner as donations 
to eye and artery banks. Donors will 
sign an authorization for removal of 
their pituitaries at the time of death 
and will inform their relatives and 
physicians of this decision. The special 
authorizations must be filed with the 
university. Because the pituitary must 
be removed soon after death, such a 
donation cannot be accomplished by a 
clause in one’s will. Authorization 
forms and additional information can 
be obtained from the University of 
California Pituitary Bank, University 
of California, San Francisco Medical 
Center, San Francisco 22, Calif. 


Malaria Eradication 


The following is the text of a state- 
ment released by the World Health 
Organization during July. The trans- 
mission of a vivax-type malaria para- 
site of macaques to man was reported 
by D. E. Eyles et al. [Science 131, 
1812 (17 June 1960)}. 

It has long been known that the 
higher (anthropoid) apes had malaria, 
and that man might be susceptible to 
certain malaria parasites of apes. Op- 
portunities for the transmission of 
malaria from apes to man are exceed- 
ingly rare, and the problem has there- 
fore little practical importance. 

The lower monkeys are also natural- 
ly infected with several types of ma- 
laria, but these are not transmissible 
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to man. Quite recently, however, lab- 
oratory research has shown that one 
of the malaria parasites of these 
monkeys can be transmitted to man 
by the bite of an anopheline mosquito 
which has fed on the monkey’s blood. 

A “reservoir” of malaria in monkeys 
may conceivably, therefore, add to the 
difficulties of eradicating human ma- 
laria in certain countries in which 
monkeys live in close proximity to man. 

It is important, however, not to ex- 
aggerate the gravity of this situation, 
which is similar to that of diseases 
such as yellow fever, filariasis, or rabies 
where wild-life reservoirs of infection 
exist. Ways will have to be found of 
overcoming the difficulty, just as ways 
were found to overcome other difficul- 
ties in malaria eradication campaigns, 
such as the resistance of certain mos- 
quitoes to insecticides. 

Moreover, the  monkey-malaria 
problem is likely to present itself only 
in a few areas of some countries of 
east Asia, while the eradication cam- 
paigns will be unaffected elsewhere. 

Indeed, the new discovery is a cause 
for rejoicing rather than for concern. 
From the research point of view it is 
an advantage to be able to work with 
a malaria parasite which causes the 
disease in man but which can also be 
studied in monkeys. This may indeed 
open vast possibilities for experimental 
studies on new anti-malarial drugs 
which may hasten the final conquest of 
malaria. 


Seismographic Facilities Expanded 


Studies of earthquake aftershocks, 
which may be of value in developing 
techniques to distinguish between small 
natural earthquakes and man-made 
explosions, are being planned by the 
University of California, Berkeley. Six 
new seismographic facilities will be 
built in central California to auto- 
matically transmit earthquake infor- 
mation to the central seismographic sta- 
tion on the Berkeley campus. 

The new stations will transmit infor- 
mation, by means of a telemeter, to the 
Berkeley station for recording. Under 
such an arrangement, (i) the outlying 
stations will not have to be staffed, 
(ii) only one timing system (that at 
Berkeley) will be required, and (iii) 
instrument troubles at the other sta- 
tions will be immediately detected at 
Berkeley through the telemeter system. 
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The information system will en- 
able the Berkeley scientists to locate the 


‘epicenter of a small earthquake (be- 


low magnitude 5) within a period of 
1 or 2 hours after the main shock. 
After the epicenter has been located, 
three mobile seismographic units will 
be sent to the area and arranged to 
record the maximum possible amount 
of data on the aftershocks. These 
truck-based seismographic units will 
be equipped with  radio-telephone 
transceivers so that placement and 
relocation can be supervised by the 
Berkeley staff. The project will also 
include the construction of a subter- 
ranean station to house the seismo- 
graphic instruments of the Berkeley 
station. 

Perry Byerly, professor of seismology 
and director of the university’s seis- 
mographic stations, and Don Tocher, 
research seismologist, will direct the 
project, which is supported by a $400,- 
000 grant from the Air Force Office of 
Scientific Research. 


News Briefs 


Sunspot photograph. A stratoscopic 
photograph of the umbra of a sunspot, 
taken from a balloon-borne telescope, 
shows clearly, for the first time, white 
gaseous dots within the umbra. The 
photograph just released by the Nation- 
al Science Foundation, was taken last 
September, near Minneapolis, by the 
Princeton University astronomy team, 
headed by Martin Schwarzschild. The 
bright spots are small in relation to the 
umbra—200 miles in diameter as com- 
pared to 8000 miles—and their lifetime 
is about half an hour. The nature of 
the spots is uncertain, but Robert Dan- 
ielson, a member of the Princeton team, 
believes that they may be “convection 
cells somewhat like solar granulations, 
but strongly suppressed by the magnetic 
field of the sun spot.” 

* * 

Polio vaccine trial. The Yale Polio- 
myelitis Study Unit recently completed 
the main phase of the Sabin live polio- 
virus vaccine trial, which started in New 
Haven last February. All of the 350 
participants have now received the full 
course of vaccine for 1960. During the 
trial period there were no illnesses or 
any bad effects which could be attrib- 
uted to the vaccine. 

However, a long period of laboratory 
research is now necessary to determine 


how effective the vaccine has been, ac- 
cording to John R. Paul, professor of 
preventive medicine at Yale and direc- 
tor of the work. The Yale Poliomyelitis 
Study Unit has had experience with the 
disease for more than 30 years, and 
its laboratories are specially equipped 
to handle major projects such as the 
field trials. 
* * 
Italian scientists strike. This month 
Italy’s nearly 2000 nuclear scientists 
went on strike for 2 days to protest (i) 
the interference of political and private 
business interests in their work and 
(ii) government inertia on research 
projects. Laboratories closed and physics 
students were not examined. The scien- 
tists hope to obtain a long-term com- 
mitment from the government to 
provide funds for research. 
Mt. Allison Institute. The department 
of extension of Mt. Allison University, 
Sackville, New Brunswick, Canada, is 
sponsoring a public affairs project, the 
Mt. Allison Summer Institute, 12-14 
August. Under the general topic of 
“Science and Society,” the institute will 
discuss science and human values, sci- 
ence and western culture, science and 
nationalism, the peaceful uses of atomic 
energy, the scientist and social responsi- 
bility, and the place of science in our 
educational system. 
* 
AAAS branch anniversary. The Mo- 
bile Academy of Science, a local branch 
of the AAAS, celebrated its 25th an- 
niversary on 20 May with a dinner at 
which the principal speaker was Fred 
R. Cagle, coordinator of research at 
Tulane University. Cagle, who has 
made two trips to the U.S.S.R. in re- 
cent years, spoke on “Science in the 
Soviet Union.” The new president of 
the academy is James Boyles, Univer- 
sity of Alabama Mobile Center. 
* 
University reactors. The nuclear re- 
actor on the university campus will be 
the subject of a meeting to be held 
in Gatlinburg, Tenn., 17-19 August, 
under the sponsorship of the Oak Ridge 
National Laboratory and the Oak Ridge 
Institute of Nuclear Studies, in cooper- 
ation with the Oak Ridge section of the 
American Nuclear Society and the 
Atomic Energy Commission. Further 
information is available from the Uni- 
versity Relations Division, Oak Ridge 
Institute of Nuclear Studies, Box 117, 
Oak Ridge, Tenn. 
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New Journals 


Katunob, Newsletter on Mesoameri- 
can anthropology, vol. 1, No. 1, May 
i960. Box 87, Southern State College, 
Magnolia, Ark. Irregular. $1. 

The Mankind Quarterly, June 1960. 
R. Gayre, Ed. 1 Darnaway St., Edin- 
burgh 3, Scotland. Quarterly. $4. 

Analytical Biochemistry, vol. 1, No. 
1, June 1960. A. Nason, Ed. Aca- 
demic Press, New York, N.Y. vol. 1 
(6 issues) 1960. $15. 

Botanica Marina, vol. 1, fasc. 1 and 
2, 1959. Cram, De Gruyter, Hamburg, 
Germany. DM. 28. 

ICSU Review, vol. 1, No. 1, Jan. 
1959. H. S. Jones, Ed. Elsevier, Am- 
sterdam, Netherlands. Quarterly. $4.50. 

Journal of Reproduction and Fer- 
tility, vol. 1, No. 1, Feb. 1960. C. R. 
Austin, Ed. Blackwell, Oxford, Eng- 
land. Quarterly. $12. Proceedings of the 
Society for the Study of Fertility are 
now published in this journal. 

Radiological Health Data, Apr. 
1960. U.S. Department of Health, 
Education, and Welfare. Office of 
Technical Services, U. S. Department 
of Commerce, Washington 25, D.C. 
Monthly. $0.50 per issue. 

Compost Science, vol. 1, No. 1, 
spring 1960. J. Olds, Ed. Rodale Press, 
Emmaus, Pa. Quarterly. $4. 

Medical World News, vol. 1, No. 1, 
Apr. 1960. M. Fishbein, Ed. Medical 
World Publishing Co., New York, 
N.Y. Biweekly. $12.50. 

World Neurology, journal of the 
World Federation of Neurology, vol. 1, 
No. 1, July 1960. C. M. Poser, Ed. 
84 §S. 10th St., Minneapolis, Minn. 
Monthly. $15. 

Ospedali d'Italia Chirurgia, vol. 1, 
No. 1, Nov. 1959. T. Greco, director. 
Via M. Buonarroti, 17, Florence, Italy. 
Monthly. $18. 

Cancer Chemotherapy Abstracts, 
vol. 1, No. 1-2, Jan.—Feb. 1960. Sci- 
entific Literature, Inc. (108 S. 22nd 
St., Philadelphia 3, Pa.), for Cancer 
Chemotherapy National Service Cen- 
ter, Bethesda, Md. Monthly. 

Developmental Biology, vol. 1, No. 
1, Apr. 1959, M.¥. Edds, Jr., Ed. Aca- 
demic Press, New York, N.Y. $14. 

Genetical Research, vol. 1, No. 1, 
1960. E. C. R. Reeve, Ed. Cambridge 
University Press, New York, N.Y. 
Three issues per year. $17.50, 

Ciencia Interamericana, vol. 1, No. 1, 
Jan.—Feb. 1960. Panamerican Union, 
Washington, D.C. Bimonthly. $0.15 
per issue. 
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Scientists in the News 


Midwesterners won three of the na- 
tion’s highest awards in engineering 
education during the recent annual 
meeting of the American Society for 
Engineering Education at Purdue Uni- 
versity. 

Robert B. Bird, professor of chemical 
engineering at the University of Wis- 
consin, received the $1000 George 
Westinghouse Award for outstanding 
teaching ability in a young engineering 
faculty member. 

Maurice J. Zucrow, director of the 
jet propulsion laboratories at Purdue 
University, received the Vincent Bendix 
Award for outstanding research. 

Ali B. Cambel, chairman of the 
mechanical engineering department at 
Northwestern University, received. the 
$1000 Curtis W. McGraw Award for 
research contributions by a young 
teacher of engineering. 

The fourth award, the Lamme gold 
medal for distinguished contributions 
to engineering education and research, 
went to Theodore von Karman, chair- 
man of the Advisory Group on Aero- 
nautical Research and Development for 
NATO, who addressed the 3000 con- 
vention delegates. 

Three of the four ASEE award win- 
ners were born abroad—von Karman 
in Hungary, Zucrow in Russia, and 
Cambel in Turkey—but all except the 
first received part of their education in 
the United States. 


Maxim K. Elias, emeritus professor 
at the University of Nebraska, has re- 
ceived a National Science Foundation 
grant to spend 2 years at the Research 
Institute of the University of Oklahoma 
to work on the program “Carboniferous 
Bryozoa of America and Europe.” He 
will make a trip to Europe during the 
second year of the grant. 

This summer he will attend the Inter- 
national Geological Congress at Copen- 
hagen as a member of the subcommis- 
sion on carboniferous stratigraphy. He 
plans to lecture in the U.S.S.R. (in 
Russian) in September. He also expects 
to visit scientists in Leningrad and 
Moscow to facilitate the exchange of 
literature and scientific specimens in 
the areas of geology and paleontology. 


Floyd S. Daft, director of the Na- 
tional Institute of Arthritis and Meta- 
bolic Diseases, National Institutes of 
Health, has been elected president of 
the American Institute of Nutrition, 


effective 1 July. He will serve a 1-year 
term, during which the American In- 
stitute of Nutrition will be host society 
to the fifth International Congress on 
Nutrition, to be held in the United 
States this year for the first time. Ap- 
proximately 3000 ° nutrition scientists 
from all parts of the world will attend 
the meeting in Washington, D.C., which 
is scheduled for the week of 1 Septem- 
ber. Upon completion of his presidency 
in 1961, Daft will serve as chairman of 
the executive committee of the Federa- 
tion of American Societies for Experi- 
mental Biology. 


Jerome G. Rozen, Jr., assistant pro- 
fessor of entomology at Ohio Univer- 
sity, has been made associate curator in 
charge of entomology at the American 
Museum of Natural History, New 
York. 


Willis E. Lamb of Oxford University, 
who shared the 1955 Nobel Prize in 
physics with Polycarp Kusch, professor 
of physics at Columbia University, will 
return to Columbia as visiting professor 
of physics during the spring term of 
the 1960-61. academic year. He is a 
former member of the Columbia fac- 
ulty. 


Robert A. Rubega, a physicist in the 
underwater acoustics section of Strom- 
berg-Carlson’s Research Division, has 
received the first annual Stromberg- 
Carlson Award for Science and Tech- 
nology. The $2000 award, established 
this year by the Stromberg-Carlson 
Division of General Dynamics Corpora- 
tion, is to be given annually to an 
employee in recognition of outstanding 
achievement in science and technology. 


Paul A. Anderson has resigned the 
chairmanship of the department of 
physics at Washington State University, 
Pullman, to devote more time to his 
research in biophysics. The new depart- 
ment chairman will be William Band, 
professor of physics at Washington 
State. He will assume his new post on 
15 September. 


James B. Kendrick, Sr., retired on 
1 July after 33 years of service with 
the University of California. At retire- 
ment he was professor of plant pathol- 
ogy and plant pathologist in the 
California Agricultural Experiment 
Station, Davis. He had been in charge 
of the department of plant pathology 
on the Davis campus since 1927 and 
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chairman of the Davis-Berkeley depart- 
ments of plant pathology since 1954. 
Lysle D. Leach succeeds Kendrick 


as chairman of the Davis-Berkeley de- . 


partments, and W. C. Snyder continues 
as vice-chairman. 


The following men have been reap- 
pointed to the National Science Board. 

The Rev. Theodore M. Hesburgh, 
president of the University of Notre 
Dame. 

William V. Houston, president of the 
Rice Institute. 

Joseph C. Morris, vice president of 
Tulane University. 

The new appointees to the board 
were announced in the 15 July issue of 
Science. 


Frederick J. Dockstader, assistant 
director of the Museum of the Ameri- 
can Indian, Heye Foundation, New 
York, has been named director. He will 
succeed E. K, Burnett, who becomes 
director emeritus following a period of 
30 years’ service to the museum. 


Keith R. Porter, who conducted 
pioneering research on cellular structure 
with the electron microscope, will be- 
come professor of biology at Harvard 
University on 1 July 1961. Until then, 
he will continue his research at the 
Rockefeller Institute, where he has been 
professor since 1956. 


Alphonse Chapanis, professor of psy- 
chology and industrial engineering at 
the Johns Hopkins University, is taking 
a year’s leave of absence, which he will 
spend as psychologist on the staff of the 
Office of Naval Research Branch Office 
in London. He will visit university, mili- 
tary, and industrial laboratories, attend 
scientific meetings, and give lectures 
throughout western Europe. His ad- 
dress will be: Office of Naval Research 
Branch Office, Keysign House, 429 
Oxford St., London W.1, England. 


Harold A. Scheraga, professor of 
chemistry at Cornell University and a 
leading investigator in the field of 
proteins, has been appointed chairman 
of the university’s department of chem- 
istry. He succeeds Franklin A. Long, 
who has completed his second 5-year 
term as department chairman. 


Ernst W. Caspari, developmental 
geneticist and formerly chairman of the 
department of biology at Wesleyan 
University, has been appointed chair- 
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man of the department of biology at 
the University of Rochester, effective 
in September. 

Arnold W. Ravin, former department 
chairman at Rochester, has been pro- 
moted to associate dean of the College 
of Arts and Science. During the aca- 
demic year 1960-61, Ravin will be on 
sabbatical leave conducting genetic re- 
search, part of the time at the Institute 
de Génétique, Gif, France. 


Heinz Werner, G. Stanley Hall pro- 
fessor of genetic psychology at Clark 
University, is retiring from the faculty 
and from the chairmanship of the uni- 
versity’s department of psychology. He 
will continue in his posts of director and 
board chairman of the Institute of Hu- 
man Development, an adjunct of the 
Clark department of psychology. He 
will also continue his grant-sponsored 
research in perception and language 
and will teach a graduate-level seminar. 


George M. Briggs, executive secretary 
of the Biochemistry and Pharmacology 
Training Committees, Division of Gen- 
eral Medical Sciences, National In- 
stitutes of Health, has been appointed 
chairman of the department of nutri- 
tion in the College of Agriculture at the 
University of California, Berkeley. 


Oscar W. Richards, chief biologist of 
the American Optical Company’s Re- 
search Department, Southbridge, Mass., 
has been elected an honorary fellow of 
the Royal Microscopical Society. 


Paul W. Edwards, a chemical engi- 
neer with almost 40 years of service 
with the U.S. Department of Agricul- 
ture, has retired from the Agricultural 
Research Service’s Eastern Utilization 
Research and Development Division in 
Wyndmoor, Pa. Edwards has been a 
member of the staff of the Wyndmcor 
laboratory since the first day of its 
operation, 17 August 1940, and has 
played a prominent role in many of its 
outstanding engineering developments. 
He has been in charge of unit opera- 
tions investigations in the division's 
Engineering and Development Labora- 
tory. 


The American Museum of Natural 
History has announced several appoint- 
ments. 

William K. Emerson, formerly assist- 
ant curator in the Department of Fishes 
and Aquatic Biology, has been named 
chairman and assistant curator of the 


newly established Department of Living 
Invertebrates. 

Norman D. Newell is chairman and 
curator of the newly established Depart- 
ment of Fossil Invertebrates. Since 
1945 Newell has held positions both as 
curator of historical geology and fossil 
invertebrates at the Museum and pro- 
fessor of invertebrate paleontology at 
Columbia University. 

Brian H. Mason, curator of physical 
geology and mineralogy, has been 
named chairman and curator of the 
newly established Department of Min- 
eralogy. 


Merrill S. Read will become director 
of nutrition service for the National 
Dairy Council, Chicago, on 15 August. 
He succeeds Zoe E. Anderson, who re- 
signed on 1 June to become head of 
the department of home economics at 
Wayne State University. Read joins the 
Dairy Council from Virginia Polytech- 
nic Institute, where, since last year, he 
has been visiting professor in the de- 
partment of biochemistry and nutrition. 


Evelyn L. Oginsky, associate pro- 
fessor of bacteriology at the University 
of Oregon Medical School, has received 
the 1960 Research Award of Iota 
Sigma Pi, national honor society for 
women chemists. The award is made 
once every 3 years to “recognize dis- 
tinct achievement and to encourage a 
continuing and expanding career of 
greater promise.” It has been presented 
only four times previously. Dr. Oginsky, 
co-author of the textbook Introduction 
to Bacterial Physiology, is widely rec- 
ognized for her study and analysis of 
mode of action of streptomycin. 


H. F. Stimson, a senior physicist in 
the National Bureau of Standards’ Heat 
Division, has retired after more than 42 
years of service. Stimson has made 
many contributions in the field of heat 
measurement and is recognized as one 
of the world’s foremost authorities on 
the International Temperature Scale. 


Ismael Vélez, professor of botany 
and director of the National Science 
Division of the Inter American Univer- 
sity in San German, Puerto Rico, will 
lecture in botany at the University of 
Cuzco, Peru, from August through 
December. 


Erratum. On the contents page of the 22 July 
issue, the authors of the report “Sound produc- 
tion by the satinfin shiner, Notropis analostanus, 
and related fishes,” were incorrectly listed. H. E. 
Winn and J. F. Stout wrote the paper. 
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Beyond the Welfare State. Economic 
planning and its international impli- 
cations. Gunnar Myrdal. Yale Uni- 
versity Press, New Haven, Conn., 
1960. xiii + 287 pp. $4.50. 


This book presents a simple, three- 
step thesis: (i) the democratic countries 
are moving, by necessity, towards the 
welfare state; (ii) welfare state planning 
has become, by necessity, nationalistic, 
and has contributed to international 
economic disintegration; (iii) despite all 
past failures and expected future diffi- 
culties, a new effort at international co- 
operation through supranational plan- 
ning must be attempted. 

In advancing this thesis Gunnar Myr- 
dal uses economics, political science, 
and social psychology, but beyond that 
every page, in one way or another, re- 
flects his personal experience. Myrdal 
does riot look at his topic in the de- 
tached manner of the ivory-tower 
scholar. As a leading Swedish expert on 
political economy and, at times, an ac- 
tive political leader, he was one of the 
architects of the Swedish welfare state. 
For a decade he had the often frustra- 
ting task of guiding the staff work of a 
United Nations agency for Europe (em- 
bracing East and West European coun- 
tries). In recent years he has become 
thoroughly familiar with the struggle 
and plight of the Southeast Asian coun- 
tries; his wife is the Swedish ambassa- 
dor to India, and he directed a research 
project on Southeast Asian countries 
for the Twentieth Century Fund. 

It is fascinating to see how Myrdal 
has combined the varied experiences of 
his life into a consistent structure of 
thought. The reader cannot help being 
impressed by his sincerity, intellectual 
integrity, and sober idealism. However, 
the fact that Myrdal looks at political, 
economic, and social world events, 
from the perspective of his own experi- 
ence. in such an outspoken manner, 
also explains certain oversimplifications 
and exaggerations in his picture. 
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His picture of the welfare state is 
very much painted after the Swedish 
model. Interesting is Myrdal’s observa- 
tion that manifold and often contradic- 
tory government interventions and reg- 
ulations characterize only the early 
stages of development in the welfare 
state. With advances in planning by 
public and private organizations, a “de- 
bureaucratization” can take place and 
voluntary organizations become of 
growing importance. In the last anal- 
ysis, he regards the welfare state as “a 
system of social morals” (page 95) and 
speaks of the ideal of a “Welfare Cul- 
ture.” [Incidentally, he forgets his own 
thesis when he says that the “Welfare 
State . . . is an increasingly regulatory 
one” (page 168)]. 

He observes that active citizen par- 
ticipation, particularly in running local 
government and voluntary organiza- 
tions—for example, in unions and busi- 
ness organizations, is less intensive in 
the United States than elsewhere (read: 
Sweden). He offers as the explanation 
of this deficiency in the United States— 
the remnants of separatistic allegiances 
in a country populated largely by im- 
migrants. He is, however, very optimis- 
tic concerning “the rise in efficiency, 
democratic control and honesty, partic- 
ularly in the private power groups and 
the authorities for provincial and muni- 
cipal self government, where the defici- 
encies were biggest and are still consid- 
erable” (page 55). 

Myrdal is merciless in emphasizing 
that welfare policies are responsible for 
the international economic disintegra- 
tion. I believe he exaggerates this point. 
Disintegration of the international eco- 
nomic system of the 19th century had 
its origin in conditions much older and 
broader than welfare state policies. 
However, it is true that modern policies 
were not very successful in establishing 
a well-working, world economic system. 
Examples given by Myrdal include: the 
failure to stabilize international prices 
of primary products (in contrast with 


actions taken to stabilize domestic agri- 
culture and mineral prices); the failure 
to stimulate a flow of private capital 
from highly developed to under-devel- 
oped countries; the failure to organize 
international programs of foreign aid 
(in contrast with programs that are 
sponsored mainly by the United States) 
of adequate scale and efficiency. 

His explanation is that “the interna- 
tional and common interests have no or- 
ganized pressure groups in the protec- 
tive Welfare State of the rich countries 
...” (page 243). 

I am surprised that Myrdal over- 
looked the fact that a primary objective 
of the modern state (what he calls the 
welfare state) is the maintenance of full 
employment and the mitigation of vio- 
lent economic fluctuations. This domes- 
tic policy is also the most effective sup- 
port for maintaining a high level of 
imports. It is in striking contrast with 
the policy of “exporting unemploy- 
ment” of a generation ago. 

In Myrdal’s regret about the lack of 
international planning, he plays down 
too much the significance of regional 
organizations such as the European 
Common Market. (We remember that 
he is a Swede). While Myrdal does not 
see the value of regional arrangements 
of industrial countries, he believes the 
underdeveloped countries should com- 
bine. He appears at times to advocate: 
“underdeveloped countries of the world 
unite; you have nothing to lose but your 
—markets!’’ What hope Myrdal has for 
future reconciliation between the na- 
tionalistic welfare state and the new 
world-order policies is not based pri- 
marily on the political pressure of the 
underdeveloped countries, but on his 
deep belief that “people at bottom, be- 
hind the facade of nationalistic atti- 
tudes, do believe in, and do desire, in- 
ternational cooperation” (pages 277 and 
279). Domestically the task is to pro- 
cede from the regulatory phase of the 
welfare state to what he calls a “Wel- 
fare Culture”; internationally to pro- 
cede from the present nationalistic 
phase of the welfare state to an interna- 
tional “Welfare World.” Both tasks of 
reaching "Beyond the Welfare State” 
are difficult but not hopeless. However, 
he believes that the political and psy- 
chological obstacles in the international 
field are much more serious than those 
that tend to obstruct the accomplish- 
ment of the domestic task. 

GERHARD COLM 
National Planning Association, 
Washington, D.C. 
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Measuring the Invisible World. The life 
and works of Antoni van Leeuwen- 
hoek. A. Schierbeek. Abelard-Schu- 
man, New York, 1959. 223 pp. $4. 


The author of this book, A. Schier- 
beek, is editor-in-chief of the 280 or so 
letters of Antoni van Leeuwenhoek 
(1632-1723), the collecting of which is 
still in progress. Measuring the Invisible 
World is a useful book that adds much 
to our knowledge of Leeuwenhoek and 
gives us an evaluation of his contribu- 
tions to scientific knowledge. It con- 
stitutes a major step toward realization 
of the author’s anticipation that “in 
the year 2000 we shall have a much 
better understanding of Leeuwenhoek 
than we have today.” 

Leeuwenhoek, who never wrote a 
book, entrusted the recording of his 
observations and discoveries to his let- 
ters alone. Because one letter often 
embraces more than one topic and, in 
addition, the same subject may appear 
in several letters as research advances, 
the task of Schierbeek was not an easy 
one, especially in his endeavor to pre- 
sent a “true impression of Leeuwen- 
hoek’s investigations.” His method was 
systematically to gather together and 
translate into English adequate samples 
of Leeuwenhoek’s writings, classifying 
them into categories. Then under each 
topic he critically studies and com- 
ments upon the subject matter, thus 
making accessible a vast amount of 
hard-to-get and hard-to-organize ma- 
terial. As a result, we have a more ac- 
curate picture of Leeuwenhoek, the 
central figure of this book. 

The general order of Schierbeek’s 
classification, from chapters 3 through 
9, falls under the following main topics: 
In chapter 3 are considered Leeuwen- 
hoek’s microbiological investigations, 
which caused a great sensation in sci- 
entific circles; his finding of the “ani- 
malcules” in a great variety of speci- 
mens; his original research that led to 
the discovery of the unicellular organ- 
isms, the Protozoa, as well as _ his 
pioneering and almost startling notes 
on the observation of bacteria. Chapter 
4, on the theory of generation, dis- 
cusses his views on the ovarian struc- 
ture of many species (human ovum, 
however, was not discovered until 
1827, when it was announced by Carl 
Ernst Von Baer), and his discovery of 
spermatozoa, which formed a_ step 
toward making embryology a science. 
Such investigations show why Leeuwen- 
hoek became a vigorous opponent of 
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the doctrine of spontaneous generation, 
which was prevalent from antiquity up 
to the 17th century, and why he em- 


- braced his preformistic interpretation 


of the origin of spermatozoa. This 
chapter also reports his description of 
the minute fresh-water creatures: the 
formation of the daughter colonies in 
volvox, the budding of the hydra and 
the rotifers. Chapter 5 presents Leeu- 
wenhoek’s fascinating investigations in 
histology: red blood corpuscles and 
his interpretation of their origin; capil- 
lary circulation which Malpighi had 
discovered earlier; and his pioneering 
microscopic observations of the tissues 
of nerves, muscles, and the lenses of 
the eyes of many animals, as well as of 
bones, teeth, and hair. Then, in a most 
elegant manner, the author displays in 
chapter 6 Leeuwenhoek’s careful 
entomological reports on the plant 
louse, the grain moth, the flea, and the 
“compound” eyes of insects. 

Chapter 7 deals with Leeuwenhoek’s 
investigations of lower animals, while 
chapter 8 is concerned with his writings 
on wood structure, the stings of net- 
tles, the transport of nourishment in 
plants from “globule to globule,” and 
the seeds of plants which are contained 
in the “embryos.” Chapter 9, on 
medicine, shows Leeuwenhoek’s inter- 
est in therapeutic observations and his 
liberty in criticizing both the quackery 
and the irrational procedures found in 
medical practices during his time. It 
also contains his remarks on crystals 
and salt in plants. The concluding 
chapter makes a brief survey of the 
contributions of this immortal scientist 
from Delft, his place in the period dur- 
ing which he lived, and his impact upon 
his contemporaries and upon later gen- 
erations. 

Of special interest to the historian 
of science is the informative and well- 
organized material in chapter 2, which 
serves as the author’s introduction to 
his systematic studies in the chapters 
that follow. Chapter 2 contains a brief 
history of microscopy and the method 
by which this great microscopist con- 
structed his some 550 single-lens micro- 
scopes, using the simple magnifying 
glass; a description of his use of a 
counter in the earliest known attempt 
to measure the size and estimate the 
number of examined microscopic ob- 
jects; and his first letter (May 1673) 
to the Royal Society of London. 

Chapter 1, written by Maria Roose- 
boom, is a biography of Leeuwenhoek. 
It includes an account of the note- 


worthy events during the illustrious 
days of the Dutch Republic, the role 
played by the middle class, and the new 
philosophy that spread among learned 
men of the 17th century who sought 
to understand the universe by knowing 
the laws which govern it. Such a his- 
torical and geographical setting is 
especially appropriate for understand- 
ing a man who spent almost all his life 
in the land of his birth and who, in 
spite of his diligence in research, never 
knew any language other than his 
mother tongue. Leeuwenhoek, neverthe- 
less, we are told, enjoyed good rela- 
tions with the Royal Society and was 
generous to his visitors, among whom 
were dignitaries and eminent men who 
came to Delft from many parts of the 
Western world to pay homage. 

In her brilliant approach and per- 
suasive style, Maria Rooseboom gives 
us profound insight into the intellectual 
activities of Leeuwenhoek within his 
environment. She helps us not only to 
become acquainted with his life but 
also enables us to appreciate more 
completely how the aims of the book 
are ably fulfilled in the chapters that 
follow. I regret, however, that her nar- 
rative-chronicle has repeated and un- 
necessary interruptions that somewhat 
disturb both the reader’s concentration 
and the harmony of the contents (see, 
for example, pages 15-25). She also 
overemphasizes several ideas and ob- 
servations, later mentioned in the main 
text, in her endeavor to explain their 
importance; as a result, when they are 
expounded in detail by Schierbeek 
under the appropriate topic, their ap- 
peal is minimized. Neither Rooseboom 
nor Schierbeek has escaped the tempta- 
tion to give an extra measure of praise 
to their renowned countryman whom 
they both love and highly admire. This 
explains, moreover, why they insist on 
attributing to Leeuwenhoek, though 
often with much justification, the title 
of being the first, or the father, of a 
science or of a discovery. 

Although in my estimate (especially 
in regard to the author’s aims) chapters 
1 and 6 constitute the most efficiently 
handled parts of the book, by and large 
Schierbeek has done great justice to his 
subject in other chapters as well. His 
preludes under the various classified 
categories are again of particular inter- 
est to the historian of science, for they 
link together earlier developments of a 
subject with the degree of its advance- 
ment in Leeuwenhoek’s time. There- 
fore, it does not diminish in any way our 
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large debt to an able author to say that 
more adequate coverage is needed for 
a number of the topics discussed in 


these surveys—for example, in the 
prelude on man’s knowledge from an- 
tiquity to the 17th century of blood 
circulation. Here we might expect the 
author at least to mention in passing 
the improvement made in the under- 
standing of blood circulation, because 
this understanding differed from the 
Galenic interpretation and was ex- 
pressed 4 centuries prior to the monu- 
mental experiments and resolutions of 
William Harvey. Also, the attempt to 
connect Sarton’s comment on Leonardo 
da Vinci with Leeuwenhoek’s achieve- 
ment seems artificial, because the cir- 
cumstances that led da Vinci to write 
his notes for “his own private use” were 
completely different from those of 
Leeuwenhoek. In fact, it seems in sev- 
eral passages that Schierbeek tries to 
put words into Leeuwenhoek’s mouth 
by interpreting his ideas and modifying 
the interpretations to fit modern sci- 
entific concepts. Such ideas, it is fair- 
ly safe to say, were in all probability 
not so clearly conceived in the mind of 
our 17th-century scientists. For the 
same reason we might have hoped 
that Schierbeek would translate Leeu- 
wenhoek’s own words on the axons of 
nerve fibers and their structure, as he 
faithfully does other passages, rather 
than give us Cole’s summary. 

A minor criticism is in regard to the 
language of the book. Since English is 
not my native tongue nor that of the 
author, I am more appreciative of the 
difficulties faced in avoiding weak 
sentence construction, and from this 
point of view, I am sure that the author 
has secured a greater measure of suc- 
cess. Nevertheless, here and there a 
few grammatical errors and awkward 
sentences do appear. They are not 
serious mistakes, but they could be 
corrected. Up to a point, however, 
originality of expression in several pas- 
sages rendered the discussion more in- 
teresting and genuine. 

In concluding, I must state that this 
book, which deserves large credit, has 
given us a remarkable presentation of 
the intellectual activities of an immortal 
scientist. A close study of it will repay 
not only those concerned with the 
history of biological studies but also 
other historians of science who are 
interested in scientific progress in the 
early modern period. 

SaMI HAMARNEH 
Division of Medical Sciences, 
Smithsonian Institution 


Medizinische Grundlagenforschung. vol. 
2. K. Fr. Bauer, Ed. Thieme, Stutt- 
gart, Germany, 1959 (order from 
Intercontinental Medical Book Corp., 
New York). viii + 827 pp. Illus. DM. 
168. 


Volume 2 of the scheduled series, 
Medizinische Grundlagenforschung 
(Fundamental Medical Research Prob- 
lems), continues the tradition of volume 
1 and presents the acute borderline 
problems of medicine and _ natural 
sciences in a form which, although ap- 
parently heterogeneous, nevertheless 
tends to assist in finding a synopsis for 
the multiplicity of modern scientific life. 
This main purpose of the series has been 
achieved with volume 2. In 17 chapters 
it deals with such problems as the for- 
mation of structure in nature and the 
second law of thermodynamics, cellular 
theory, cell electrophoresis, the impor- 
tance of fibrinolyses, the chemotherapy 
of tumors and skin diseases, cancero- 
genic substances, and others. The pres- 
entation is clear and concise with the 
author’s original work skillfully blended 
into the general review of the problems. 
Numerous, well-selected references en- 
courage further studies and research. 

A. T. KREBS 
Biology Department, 
University of Louisville 


Photographic Lunar Atlas. Based on 
photographs taken at the Mount 
Wilson, Lick, Pic du Midi, McDon- 
ald, and Yerkes Observatories. G. P. 
Kuiper, Ed. University of Chicago 
Press, Chicago, IIl., 1960. $25. 


This atlas is a magnificient achieve- 
ment, prepared with loving care. I 
well remember my astonishment, while 
spending a day at the Lick Observa- 
tory in June 1957, at finding Kuiper 
in the darkroom making some of the 
prints which are now published. 

Planning for the project began some 
5 years ago. Fine photographs of the 
moon were already in existence at a 
number of the major observatories, and 
these were the source material for the 
volume. In August 1955 the proposal 
was discussed at the Dublin meeting 
of the International Astronomical 
Union, and the work of copying the 
negatives was begun in 1956. From 
some 1200 prints, final selection of the 
prints to be used was made late in 
1959. 

The prints are on a scale of 1:1,370,- 


000, which corresponds to a lunar 
diameter of about 100 inches. On this 
scale a mile equals 1.2 mm. A supple- 
ment is planned, on double the scale, 
giving high-quality photographs of 
selected objects. 

The atlas is divided into three parts: 
(i) an introduction (11 sheets), show- 
ing the subdivision of the lunar surface 
into 44 fields, and so forth; (ii) the 
main body (184 sheets); and (iii) 
35 supplementary sheets. The total 
number of sheets is 230 and each sheet 
measures 17 by 21 inches. 

In the main section, 176 sheets are 
printed in sets of four and folded. This 
makes them extremely awkward to 
handle in normal office use. These 34 
by 42 inch sheets will doubtless be 
even more awkward to handle at the 
telescope. It seems unlikely that the 
paper will survive more than a few 
refoldings without cracking. Most 
users will probably decide to cut these 
sheets. 

The atlas was planned for use at 
the telescope, and the type of repro- 
duction and the paper were selected to 
permit the charts to be retouched at 
the telescope with pencil, crayon, or 
ink. Kuiper recommends “that ob- 
servers use at least two copies, one for 
reference and the other(s) as research 
material at the telescope. The cost of 
the atlas has been held to a minimum, 
roughly 10 cents a sheet, not much 
more than drawing paper.” It would be 
a real service to observers if replace- 
ment sheets: could be purchased sep- 
arately. 

Packaging anything as heavy and 
bulky as this volume always presents 
problems, and these problems have not 
been completely solved in the present 
case. The box containing the review 
copy started coming apart shortly after 
it was received, and it is obvious that 
it is not sturdy enough to be used for 
library storage and handling. The charts 
could be kept in a table drawer, or they 
could be stored vertically in a standard 
x-ray file cabinet. Such files have been 
used very successfully for the Palomar 
Sky Atlas, and those who own that 
atlas might have enough space left for 
the Lunar Atlas. A more durable box 
could be made by having an inner box 
that slides into-an outer box with the 
openings on the 2% by 22 inch side. A 
more durable holder should be seriously 
considered when future editions are 
prepared. 

Kuiper’s introduction states that 
“The purpose of this atlas is to present 
the surface record of the moon as 
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shown on the best photographs now 
available. . . . Not only do the best 
photographs show, on the whole, more 
than the visual maps; they show the 


lunar surface with precision, both as ° 


to location and intensity and, of course, 
with completeness up to the resolving 
power attained, none of which are 
practicable in visual drawings. The in- 
formation is increased if several photo- 
graphs of the same area taken under 
different illuminations are combined to 
bring out the maximum advantage both 
low level detail and steep mountain 
slopes.” Kuiper and his collaborators 
have achieved this purpose fully, and 
they deserve the gratitude of astron- 
omers and others who are interested 
in the lunar surface. 

The initial financial support for the 
project came from the National Sci- 
ence Foundation. Later support was 
provided by the Cambridge Research 
Directorate of the Air Force. 

FRANK K. EDMONDSON 
Goethe Link Observatory, 
Indiana University 


Ticks. A monograph of the Ixodoidea. 
Part 5. On the genera Dermacentor, 
Anocentor, Cosmiomma, Boophilus, 
and Margaropus. Don R. Arthur. 
Cambridge University Press, New 
York, 1960. xviii + 251 pp. Illus. 
$11.50. 


Acarologists will welcome the re- 
sumption, after 34 years, of this series 
of monographs on Ixodoidea and the 
announcement that the final volumes, 
Part 6 and Part 7 on other genera are 
in preparation. This pleasure, however, 
will be tempered by the fact that, com- 
pared to its more scholarly predecessors, 
this is an obviously inferior treatment, 
despite the very adequate descriptions 
and illustrations of the 35 species in- 
cluded. Keys for differentiation of 
genera—for example, Margaropus from 
Boophilus—and introductory reference 
to illustrated differences of Sections 
Prostriata and Metastriat in Part 2 
(1911) would have been helpful. Under 
genus Dermacentor (page 6), the au- 
thor’s opinions are provided for neither 
subgeneric nor synOnymic status, nor 
are there adequate feferences to type 
species, of Conocentor, Indocentor, 
Amblyocentor, and Puncticentor Schulze 
(pages 7, 137, 153, 172, 189), though 
he uses, without explanation, one in the 
heading D. “(Amblyocentor) rhinoceri- 
nus (Denny)” (page 171). Incon- 
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sistencies in the use of generic authori- 
ties, parentheses, references and syn- 
onymy, as well as misspellings, syste- 
matic lapses, and omissions (including 
no definitions of some technical terms— 
for example, opisthiosoma, alloscutum), 
cannot be illustrated here, but they re- 
duce the volume’s reliability and tex- 
tual value for taxonomic reference. 
Failure to check the original reference 
for dating Boophilus from a “nomen 
nudum” (the date given, 1891, was ac- 
tually the year of validation) exempli- 
fies some other noncritical entries, 
while some of the pertinent Russian 
and Japanese literature has been over- 
looked. 

The very cursory reference to disease 
relationships is also disappointing. 
Though the book understandably fea- 
tures taxonomy, the inadequately docu- 
mented, often incomplete reference to 
the medical and veterinary importance 
of various species belies the introduc- 
tory statements about the “immense 
medical and economic importance” of 
tick species under review; even the clas- 
sic work of Smith and Kilbourne on 
the transmission of Texas fever in cattle 
by Boophilus annulatus is mitted. 
Nevertheless, the monograph will be 
useful in bringing together scattered 
systematic knowledge about the five 
genera treated. It is to be hoped that 
other specialists will be consulted dur- 
ing the draft stage of the next two 
volumes; this one obviously could have 
benefited from such consultation. 

CorRNELIUsS B. PHILIP 
Rocky Mountain Laboratory, Public 
Health Service, Hamilton, Montana 


Nutritional Evaluation of Food Process- 
ing. Robert S. Harris and Harry von 
Loesecke, Eds. Wiley, New York, 
1960. xviii + 612 pp. Illus. $12. 


In modern civilized societies more 
than 95 percent of the consumed food 
is processed to make it more palatable 
and nutritious and to keep it safe dur- 
ing storage, transportation, and distribu- 
tion. The processing involves losses of 
essential nutrients which are affected by 
temperature, air, light, acidity, and 
solvents, or by a combination of these 
factors. This book evaluates these ef- 
fects and establishes a scientific foun- 
dation for processing foods with a mini- 
mum loss of nutrients. 

FrRANCIs JOSEPH WEISS 
1541 North Edgewood Street, 
Arlington, Virginia 


New Books 


Biological and Medical Sciences 


Austin, C. R., Ed. Sex Differentiation 
and Development. Cambridge Univ. Press, 
New York, 1960. 208 pp. $8.50. This 
volume, Memoir No. 7 of the Society for 
Endocrinology, is the proceedings of a 
symposium held at the Royal Society of 
Medicine on 10-11 April 1958. 

Bargmann, W., D. Peters, and C. Wol- 
pers, Eds. Proceedings of the Fourth Inter- 
national Conference on Electron Micro- 
scopy. vol. 2, Biologisch-Medizinischer 
Teil. Springer, Berlin, 1960. 652 pp. DM. 
196. 

Brady, Roscoe O., and Donald B. Tower, 
Eds. The Neurochemistry of Nucleotides 
and Amino Acids. Wiley, New York, 1960. 
304 pp. $10. Papers presented at a sym- 
posium that was held in 1958 to review 
the recent contributions in the field of 
nucleotide and amino acid chemistry in 
the light of application of these findings to 
the biochemical activities of the nervous 
system. 

Brindley, G. S. Physiology of the Retina 
and the Visual Pathway. Arnold, London, 
1960 (order from Williams and Wilkins, 
Baltimore, Md.). 309 pp. $7.50. Brindley, 
lecturer in physiology in the University of 
Cambridge, discusses how the human 
visual pathway works. 

Cameron, Thomas W. M. Ed. Evolu- 
tion: Its Science and Doctrine. Univ. of 
Toronto Press, Toronto 5, Canada, 1960. 
253 pp. $5. Papers presented at a sym- 
posium held at the annual meeting of the 
Royal Society of Canada (1959) to com- 
memorate the publication of On the Origin 
of Species. 

Clark, F., and J. K. Grant, Eds. The 
Biosynthesis and Secretion of Adreno- 
cortical Sterioids. Cambridge Univ. Press, 
New York, 1960. 119 pp. $5. Proceedings 
of the Biochemical Society Symposium 
No. 18, held in February 1959 and or- 
ganized by J. K. Grant. The symposium 
was concerned with the production and 
secretion of steroid hormones by the 
adrenal cortex. 

Clark, Marguerite. Medicine Today: A 
Report on a Decade of Progress. Funk 
and Wagnalls, New York, 1960. 360 pp. 
$4.95. 

Cold Spring Harbor Symposia on Quan- 


' titative Biology. vol. 24, Genetics and 


Twentieth Century Darwinism. Biological 
Laboratories, Cold Spring Harbor, N.Y., 
1959. 336 pp. $8. 

Dawkin, M. J. R., and K. R. Rees. A 
Biochemical Approach to Pathology. 
Arnold, London; Williams and Wilkins, 
Baltimore, Md., 1959. 135 pp. $4.50. 

Elliott, Alfred M., and Charles Ray, 
Jr. Biology. Appleton-Century-Crofts, New 
York, 1960. 732 pp. $8. 

Gale, E. F. Synthesis and Organisation 
in the Bacterial Cell. Wiley, New York; 
Chapman and Hall, London, 1960. 117 
pp. $3.50. The 1959 CIBA lecture in 
microbial biochemistry. 

Garn, Stanley, M., Ed. Readings on 
Race. Thomas, Springfield, Ill., 1960. 289 
pp. $6.75. Selected articles and papers 
from American Anthropologist, Man, Hu- 
man Biology, American Journal of Human 
Genetics, and other sources, by B. Glass, 
C. Coon, W. Boyd, and others. 
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Isolation of an Unidentified 
Agent from the Respiratory 
Tract of Chickens 


Abstract. A relatively stable filterable 
virus, not previously described, which 
hemagglutinated red blood cells of chick- 
ens, was isolated from the tracheae of 
birds suffering from an unusually severe 
outbreak of infectious laryngotracheitis. 
The latter disease concealed the infection 
caused by the new hemagglutinating agent, 
which was shown to cause, by itself, a 
mild and transient illness in susceptible 
chickens. Preliminary studies indicate that 
the new agent may be a new entity of the 
myxovirus group. 


A respiratory disease tentatively di- 
agnosed as infectious laryngotracheitis 
developed in a flock of 3-week-old 
chickens in southern California. Be- 
cause the rate of spread and the mor- 
tality were unusually high, the case was 
referred to the University of California 
Agricultural Experiment Station labora- 
tory at Davis for confirmation. The 
tracheae of affected chickens were mod- 
erately congested and contained pete- 
chial hemorrhages in the mucosa, and 
there were considerable amounts of 
caseous exudate in the larynx and in the 
lumen of the upper one-third of the 
trachea. 

Chickens inoculated intranasally with 
antibiotic-treated or untreated suspen- 
sions of the tracheal exudates exhibited 
depression, dyspnea, rales, a serous 
nasal exudate, edema and congestion 
of the larynx, and hemorrhagic inflam- 
mation of the tracheae, beginning on 
the second day. The disease progressed 
rapidly and was followed by recovery 


Instructions for preparing reports. Begin the re- 
port with an abstract of from 45 to 55 words. The 
abstract should not repeat phrases employed in 
the title. It should work with the title to give the 
reader a summary of the results presented in the 
report proper. 

Type manuscripts double-spaced and submit one 
ribbon copy and one carbon copy. 

Limit the report proper to the equivalent of 
1200 words. This space includes that occupied by 
illustrative material as well as by the references 
and notes. 

Limit illustrative material to one 2-column fig- 
ure (that is, a figure whose width equals two col- 
umns of text) or to one 2-column table or to two 
1-column illustrations, which may consist of two 
figures or two tables or one of each. 

For further details see “Suggestions to Contrib- 
utors” [Science 125, 16 (1957)]. 
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or death by the 15th day. Chickens that 
recovered were immune to challenge 
with a virulent laryngotracheitis virus 2 
to 6 weeks later and susceptible when 
challenged intramuscularly with a viru- 
lent culture of Newcastle disease virus. 
Sera of birds that recovered did not con- 
tain agglutinins for Mycoplasma galli- 
septicum, hemagglutinating-inhibition or 
neutralizing antibodies for Newcastle 
disease virus, or neutralizing antibodies 
for infectious bronchitis virus. 

Tracheal exudates treated with anti- 
biotics and inoculated on the chlorio- 
allantoic membrane did not kill embryos 
during a 6-day incubation period, but 
the membranes presented raised circular 
foci indistinguishable from those pro- 
duced by laryngotracheitis virus; inocu- 
lation of chickens, by the intratracheal 
or intrabursal routes, with the infected 
membranes produced the typical disease 
reactions of laryngotracheitis. Inocula- 
tion of the tracheal exudates by the al- 
lantoic-sac route did not result in mor- 
tality in the first two passages, but the 
allantoic and amniotic fluids of the sur- 
viving embryos agglutinated chicken 
erythrocytes. The fluids of the second, 
third, and fourth passages hemagglu- 
tinated chicken erythrocytes in dilu- 
tions of 1:80, 1:160, and 1:320, re- 
spectively. A sporadic embryo mortality 
on the 4th or Sth day began with the 
third serial passage in embryos inocu- 
lated by either the allantoic-sac or 
chorio-allantoic-membrane routes. These 
preliminary studies indicated that the 
infectious exudates contained laryngo- 
tracheitis virus and a hemagglutinating 
agent that appeared to be serologically 
and immunologically distinct from New- 
castle disease virus. 

The allantoic and amniotic fluids of 
the third serial passage through embryos 
treated with chicken anti-Newcastle dis- 
ease hyperimmune serum did not neu- 
tralize the hemagglutinating agent. The 
hemagglutinating agent could not be 
eliminated from the fluids of three addi- 
tional serial passages, each of which 
was treated with known anti-Newcastle 
disease chicken sera. Chickens inocu- 
lated intramuscularly with the fluids of 
the last passage were asymptomatic for 
15 days; sera collected from the chick- 


ens 3 weeks later inhibited hemaggluti- 
nation of erythrocytes by the hemagglu- 
tinating agent but did not contain 
hemagglutinins or neutralizing antibod- 
ies for Newcastle disease virus. All of 
the birds were suspectible to challenge 
intramuscularly with a virulent strain 
of Newcastle disease virus. 

Infected allantoic and amniotic fluids 
harvested from embryos inoculated in 
the first passage were treated with anti- 
Newcastle disease chicken serum, mixed 
with an equal volume of chicken anti- 
laryngotracheitis hyperimmune serum, 
incubated for 3 hours at 4°C, and in- 
oculated into embryonating eggs on the 
chorioallantoic membrane. Hemagglu- 
tinins in the absence of lesions resem- 
bling laryngotracheitis, or death of em- 
bryos of the fourth, fifth, sixth, and 
seventh passages, were found in all em- 
bryos after a 5-day incubation period. 

High mortality began with the eighth 
serial passage and increased to a propor- 
tion of seven of eight embryos inocu- 
lated in the tenth serial passage. A pool 
of the allantoic and amniotic fluids of 
the tenth passage was divided into ali- 
quots and stored in sealed ampules for 
further study. Allantoic and amniotic 
fluids of the living embryos, as well as 
of embryos that died during the fourth 
through the tenth passages, consistently 
presented hemagglutinins and showed 
an infectivity titer of 5 X 10° per 0.2 
ml of inoculum. Repeated infectivity 
and cross-neutralization tests in chick- 
ens and embryos proved that the laryn- 
gotracheitis virus was neutralized and 
eliminated from the infectious material. 

The infectious agent in the allantoic 
and amniotic fluids of embryos of the 
tenth passage—fluids from which the 
laryngotracheitis virus was eliminated 
—repeatedly passed through the Seitz 
pad. Filtration of the fluids through 
graded gradacol membranes showed 
that the hemagglutinating agent passed 
through membranes with an aperture 
diameter of 235 mp but not through 
membranes with an aperture of 140 
my; this range characterizes the myxo- 
virus group. The hemagglutinating agent 
was not destroyed by heating infected 
allantoic and amniotic fluids at 56°C 
for 30, 60, 90, or 120 minutes. 

Chickens 37 days old inoculated in- 
tramuscularly or intrabursally with the 
hemagglutinating agent showed no clini- 
cal symptoms during a 3-week observa- 
tion period. Intratracheal inoculation 
produced mild rales, which occurred on 
the 4th to the 6th day in most of the 
chickens. The agent was readily re- 
covered from the trachea 96 hours after 
inoculation. Sera of the chickens bled 
25 days later contained hemagglutina- 
tion-inhibition antibodies for the hemag- 
glutinating agent but no inhibition anti- 
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bodies for Newcastle disease virus. The 
birds showed susceptibility to a chal- 
lenge dose of virulent Newcastle disease 
and laryngotracheitis viruses on the 28th 
day. Eight serial passages of lung sus- 
pensions of mice inoculated with the 
hemagglutinating agent by insufflation 
did not produce evidence of pneumonia 
or disease. 

The hemagglutinating agent was read- 
ily propagated in monolayers of HeLa 
and pig kidney cells. A mild cytopatho- 
genicity was detected by the 48th hour. 
Hemadsorption of guinea pig erythro- 
cytes, as described below, was observed 
by the 48th hour without macroscopic 
changes in the cell sheets, but adsorp- 
tion was more pronounced after the 
144th hour of incubation. 

Immune and hyperimmune sera (/) 
to related viruses were tested for neu- 
tralization of the hemagglutinating agent 
grown in embryonating eggs. Serial ten- 
fold dilutions of the agent were mixed 
with an equal volume of a heat-inacti- 
vated (56°C for 30 minutes) serum di- 
luted 1:10 in tryptose broth and held 1 
hour at room temperature. Each mix- 
ture was inoculated into each of three 
9-day-old embryonating chicken eggs, 
which were incubated at 35°C for a 
maximum of 6 days. Infectivity end 
points were determined by mortality 
after the 24th hour and the presence of 
hemagglutinins. in the fluids of the sur- 
viving embryos. No neutralization of 
the hemagglutinating agent was demon- 
strated by antisera of influenza types A 
and B, mumps, fowl plague (strain 
Brescia and strain “N”), or Newcastle 
disease, laryngotracheitis, cello, or 
Crawley viruses. It was interesting to 
note that hyperimmune sera prepared 
with the fluids infected with the hemag- 
glutinating agent in rabbits and chickens 
did not neutralize the homologous 
agent. 

The hemadsorption test described by 


_ Vogel and Shelokov (2) and Shelokov 


et al. (3) was applied to tissue cultures 
of HeLa cells infected with the Montana 
strain of Newscastle disease virus and 
the hemagglutinating agent. After incu- 
bation at 37°C for 144 hours, 0.2 ml of 
a 0.4 percent guinea pig erythrocyte sus- 
pension was added to the washed in- 
fected cell sheet. Both agents hemad- 
sorbed chicken, horse, bovine, and 
guinea pig erythrocytes. However, 
erythrocytes from guinea pig blood were 
adsorbed more heavily than those from 
the blood of the other species. 

The hemadsorption-inhibition test 
showed that hyperimmune sera to the 
hemagglutinating agent and to New- 
castle disease virus specifically inhibited 
hemadsorption of the homologous virus. 
None of the sera used in the chicken 
embryo neutralization tests described 
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above inhibited hemadsorption of the 
new agent in tissue culture. In addition, 
parainfluenza 1 and 2 and infectious 
bronchitis virus immune sera failed to 
show evidence of inhibition of hemad- 
sorption of guinea pig erythrocytes to 
the infected tissue culture cells (3). 
R. A. BANKOWSKI 
R. E. CorsTvET 
School of Veterinary Medicine, 
University of California, Davis 
G. T. CLARK 
Yucaipa, California 
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1. Antisera used in this study were obtained 
through the courtesy of several investigators 
as follows: influenza A and B and mumps, 
from Dr. E. Lennette, California Public 
Health Laboratory, Berkeley; fowl plague, 
Strains Brescia and “N,” from Dr. J. E. Wil- 
liams, Animal Disease Eradication Division, 
Agricultural Research Service, Washington, 
D.C.; Crawley virus, from Dr. J. F. Crawley, 
Connaught Medical Research Laboratories, 
University of Toronto; Mycopl llisepti- 
cum, from Dr. H. E. Adler, University of 
California, Davis; and cello, from Dr. V. J. 
Yates, University of Rhode Island, Kingston. 
Antisera of parainfluenza 1 and 2 were pur- 
chased from Microbiological Associates, 
Bethesda, Md. All other antisera were pre- 
pared by us. 
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Age Determination by X-ray 
Fluorescence Rubidium-Strontium 
Ratio Measurement in Lepidolite 


Abstract. X-ray fluorescence analysis of 
several lepidolites whose rubidium and 
strontium concentrations had already been 
determined by neutron activation and 
stable isotope dilution, or both, indicates 
that this technique can be used for rapid 
nondestructive reconnaissance rubidium- 
strontium studies, and that an x-ray 
analysis method comparable in accuracy to 
isotope dilution can probably be developed 
for dating Precambrian lepidolites, as the 
simple technique presently used has many 
obvious possibilities for improvement. 


Strontium in specimens of the mineral 
lepidolite has been shown to consist, in 
general, almost completely of the 
radiogenic isotope strontium-87, formed 
through the transmutation of radio- 
active rubidium-87 (7). Thus it is pos- 
sible to determine the geological “ages” 
of lepidolites by determining total-Rb/ 
total-Sr ratios alone, without isotopic 
analysis of the strontium. 

Rubidium forms no minerals of its 
own, proxying for potassium in crystal 
structures; generally, the K/Rb ratio is 
in the range 200 to 300 (2). However, 
Rb is enriched in pegmatites, and K 


minerals in this environment may con- 
tain the element as a major constituent. 
The pink to purple lithium-bearing 
mica lepidolite, ([K,Rb]Li[Al(OH,F)-]- 
Al(SiO:):), can contain up to 4 percent 
Rb, and, in contrast, contains less than 
500 parts of Sr per million, the amount 
depending on age. Hence the analytical 
problem for sepidolite age determination 
consists in accu; ately measuring Rb/Sr 
ratios ranging from about 90 to above 
2500. 

L. H. Ahrens et al. (3) attempted to 
determine lepidolite age ratios by opti- 
cal spectrography, but were unable to 
achieve sufficient accuracy for Rb to 
make the method generally useful. Re- 
cently, however, several groups of 
workers (4, 5) have achieved ratio 
determinations accurate to 5 percent 
or better by using the stable-isotope 
dilution technique, in which Rb and 
Sr concentrations are measured mass 
spectrometrically; and analysts at the 
Harwell installation have shown (6) 
that comparable accuracy can also be 
achieved by neutron activation analysis. 

Stable isotope dilution analysis in- 
volves chemical and ion-exchange ele- 
ment separation, preparation of cali- 
brated tracer isotope solutions, and the 
use of a mass spectrometer, while 
activation analysis requires the avail- 
ability of a neutron source of high in- 
tensity, a radiochemical laboratory, and 
counting equipment. Both techniques 
are difficult and costly. Thus, there is 
a need for a rapid, inexpensive method 
of measuring Rb/Sr ratios, if only to 
make it easier to select samples worth 
studying by the other techniques. 

X-ray fluorescence spectroscopy ap- 
peared to merit consideration for use 
in this application, because it is a rapid, 
nondestructive technique; hence, the 
present investigation was begun. A 
suite of samples whose Rb and Sr con- 
tents had previously been determined 
by isotope dilution and activation was 
available (7). Thus the Rb/Sr ratios 
determined for these “standards” by 
x-ray fluorescence could be compared 
against the ratios previously determined 
for them by the two established 
methods. 

The x-ray spectrometer used was a 
General Electric XRD-5. Samples were 
bombarded by 50 kv CuKe radiation 
at 50 ma. A LIF crystal followed by a 
0.010 inch Soller slit was used for spec- 
trum analysis. The detection system 
consisted of an argon-methane gas-flow 
proportional counter run at 1.825 kv, 
and a Berkeley scaler. Samples were 
ground to a fine flour in a small steel 
ball mill which had been precontami- 
nated, and packed into aluminum hold- 
ers for analysis. The samples were 
thick compared to the depth of pene- 
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Table 1. Comparison of data obtained by x-ray fluorescence and isotope dilution methods of Rb/Sr 
ratio determination in four lepidolites. Samples are from an intercalibration suite (7). 


L-12 L-13 L-14 L-15 
Bikita Ingersoll Varutrask Pala 
Isotope dilution data 
Age (million years) 2635 +100 1660 +70 1785 +50 107 +7 
Rb /Sr (atoms) 92-100 145-157 144,144 2100-2600 
Sr (weight ppm) 345 +15 80+5 136+10 6.9+0.5 
X-ray fluorescence data 
Count /100 sec (av. for two runs): 
30° background 1153 1113 1146 1130 
26.62° (Rb) 137,219 52,325 78,766 76,049 
25.14° (Sr) 3064 1724 2010 1533 
22° background 1174 1278 1205 1228 
Derived net count rate: 
Rb count 136,050 51,155 77,595 74,880 
error +250 +160 +190 +185 
Sr 298* 1417 365 562 94 
Sr 238 1303 322 496 30 
Sr 273a 1379 + 52 352 +42 541 +45 74+40 
Sr 273b 1390 +65 320+ 55 544 +58 69 + 53 
Rb /Sr 298 96 139 138 797 
Rb /Sr 238 104 159 156 2490 
Rb /Sr 273a 99 +4 146+17 143 +12 1010t 
Rb /Sr 273b 98+5 159 +27 142+16 1085t 
* 238, 273, and 298 are Rb /“Rb-tail” correction ratios; see text. tt +1360,—385.  $ +3585, —475. 


tration of the incident radiation, and the 
total area of 14 mm by 20 mm was 
immersed in the beam, which was not 
homogeneous in density. 

The first order Ka:a: doublets at 
25.14° (strontium) and 26.62° (rubidi- 
um) were used for the analysis; actual 
background was measured at 30° and 
22° and background values for the 
Sr and Rb angles were obtained by 
interpolation. In a_ single analysis, 
after peak-top identification, 100-second 
counts were made at each position, 
that is, 30-background, Rb, Sr, 22- 
background; then the process was re- 
peated. 

The first-order SrKea doublets lies, 
in lepidolites, in a “hanging valley” 
between the RbKa and K§ peaks. 
Even for lepidolites very rich in 
strontium, such as the 2600-million- 
year-old Bikita specimen, the number 
of “Rb-tail” counts falling at the Sr 
position is an appreciable fraction of 
the Sr count rate, and the background 
count rate is of the same order of 
magnitude. The situation for a young 
sample, such as the approximately 100- 
million-year-old Pala lepidolite, ap- 
peared at first sight to be hopeless, as 
the expected Sr count rate is less than 
one-tenth the background and overlap 
count rate total. The possibility of 
using the second or third order lines, 
where Rb and Sr are better separated, 
was investigated but given up, both 
because of the overlap of Sr and Fe 
peaks, and because of the great at- 
tenuation of the Sr count. Rb-Sr overlap 
at the first order was reduced somewhat 
by replacing the original 0.020 inch 
Soller slits with 0.010 inch slits. 


for computing Rb/Sr ratios: (i) It was 
assumed that equal numbers of Rb and 
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The following procedure was adopted . 


Sr atoms give equal numbers of counts 
at the detector; this assumption is ex- 
pected to be erroneous by only a few 
percent. (ii) Identical 25.14° and 
26.62° background corrections were 
used for all samples. These were based 
on eight 100-second counts each, at 22° 
and 30°. If matrix effects are present, 
such averaging will introduce error; 
but the results obtained show already 
that any such effect must be quite small 
within this group of samples. Back- 
ground correction numbers for the Sr 
and Rb angles were obtained from the 
data taken at 22° and 30° by straight- 
line interpolation. As the line may be 
slightly curved, some bias may have 
entered here. (iii) Rb was determined 
by subtracting the assumed 26.62° 
background from the total count. The 
Rb to Rb-background count ratio was 
always high (>50). (iv) Sr was 
computed by subtracting both the back- 
ground contribution and the computed 
contribution of “Rb-tail” counts to the 
total count at 25.14°. 

A “Rb-tail” correction was computed 
with the isotope dilution Rb/Sr ratios 
and the observed x-ray fluorescence Rb 
count rates to calculate the number of 
Sr counts expected both for the Bikita 
and Pala samples, and subtracting each 
number, plus interpolated background, 
from the total 25.14° counts. For Bikita, 
the “Rb-tail”/Rb ratio thereby ob- 
tained was 1/298, while for Pala it was 
1/238. 

A direct measurement of the overlap 
in a Sr-free RbCl sample gave an in- 
termediate ratio, 1/273. Since no de- 
cision is yet possible as to which method 
is preferable, four sets of Sr-concentra- 
tion data are given in Table 1. The 
first three are based on the three deter- 
minations of Rb-tail/Rb ratio just 


described. Thus, in the data on stron- 
tium labelled “Sr 298” the Bikita sample 
was used as the sole standard and the 
other three specimens as unknowns; in 
the “Sr 238” set the Pala sample alone 
was used as a standard, Bikita becoming 
an unknown; and for the “Sr 273a” line 
the tail correction comes from the 
RbCl experiment so that all the lepido- 
lites are unknowns. In computing the 
“Sr 273b” line the tail ratio 1/273 was 
also used, but for the background at 
25.14°, values based on the 22° and 
30° data for each particular sample 
were used. 

The isotope dilution and neutron acti- 
vation data for these samples are also 
summarized in Table 1. Only analysis 
ranges are given; further details are 
given in the paper already referred to 
(7). In summary, the samples have 
been analyzed by from two to four 
groups by isotope dilution and by one 
group by neutron activation, with the 
agreement shown. All of the x-ray 
fluorescence data are in sufficiently good 
agreement with the isotope-dilution de- 
termined ratios to be useful for 
reconnaissance analysis purposes, and 
for the three ancient lepidolites, the 
x-ray fluorescence ratios appear to ap- 
proach the isotope dilution analyses in 
quality. 

X-ray fluorescence analysis provides 
an inexpensive, rapid, and reasonably 
precise method of reconnaissance Rb/Sr 
ratio and concentration determination; 
the present technique has a threshold 
of about 5 ppm for these elements. It 
appears it may be possible to develop 
the technique sufficiently to make it 
feasible to determine Rb/Sr ages by 
x-ray fluorescence analysis alone (at 
least for lepidolites of Precambrian 
age), with an accuracy comparable to 
that achieved by stable isotope dilution, 
but with a much smaller expenditure 
of time and money, The technique also 
has, of course, the advantage of being 
nondestructive (8). 

LEONARD F. HERzOG, II 
Department of Geophysics and 
Geochemistry, Pennsylvania State 
University, University Park 
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Rates of Submergence of Coastal 
New England and Acadia 


Abstract. Altitudinal and carbon-14 age 
determinations of in-place Pinus strobus 
stumps of drowned forests at Odiorne 
Point, N.H., and Grand Pré and Fort 
Lawrence, Nova Scotia, yield apparent 
average rates of submergence of 3.1, 14.5, 
and 20.3 feet per 1000 C* years, respec- 
tively. Rate differences are assessed in 
terms of eustatic rise of sea level, crustal 
movements, and tidal effects. 


Radiocarbon dates for drowned trees 
along the New England coast have 
been reported by several investigators 
(1-4), but these determinations only fix 
the general period of submergence of 
the coastline. On the basis of earlier 
work on drowned forests (5), one of us 
(C.J.L.) was able to plan the present 
study, which provides a measure of the 
rate of coastal submergence at each of 
three drowned-forest sites. The initial 
assumptions of this study were that 
rising salt water killed the trees from 
which wood could be dated by C“, that 
submergence of the forests was progres- 
sive at each site, and that the approxi- 
mate average rates of submergence 
could be determined from a knowledge 
of the dates of death of trees at suf- 
ficiently different altitudes at each 
locality. 

The drowned forest at Odiorne Point, 
N.H., near lat. 43°2’ N., long. 70°44’ 
W., consists of the remains of a conifer- 
ous stand whose stumps and fallen 
trunks are found within a protected 
cove measuring about 500 feet in 
diameter. The stumps are rooted in a 
firm woodland peat, ranging from 2 to 
4 feet in thickness, that overlies till and 
bedrock. 

The famous drowned forest at Fort 
Lawrence, N.S., near lat. 45°50’ N., 
long. 64°17’ W., has now lost most of 
its exposed soil and the stumps rooted 
in it. The site can be reached by follow- 
ing Dawson’s directions (6). Samples 
of the forest soil, described by Dawson 
as “black vegetable mould, resting on a 
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white, sandy subsoil” (6, p. 441), 
proved to be clay loam colored with 
forest humus to a depth of 6 inches. 
The “white” layer is underlain by 8 to 
9 inches of red sandy loam, which in 
turn rests on till. 

At Grand Pré, N.S., the remains of a 
forest extend over at least 100 acres of 
mud flats exposed at low tide on the 
north side of Boot Island (lat. 45°8’ 
N., long. 64°17’ W.), near the south 
shore of the Minas Basin. Stumps are 
rooted in 15 to 18 inches of gray clay 
soil that rests upon a pale-red clay layer 
varying in thickness from 12 to 24 
inches, underlain by stony till. 

Samples for C“ dating were cut from 
stumps of four white pine (Pinus 
strobus) trees at each of the three sites. 
The altitudes of the bases of the stumps 
were determined by standard leveling 
techniques. Stump altitudes were re- 
lated to mean sea level, as determined 
from tide-table data and the observed 
high-tide mark for the date of the field 
work at each site. The precise altitudes, 
relative to mean sea level, of the dated 
stumps are not critical to the determina- 
tions of rates of submergence; only the 
relative differences in altitudes between 
stumps at each site are critical. These 
last altitude values are believed ac- 
curate to + 0.4 foot. 

The wood used for C*-age determi- 
nations reported in the present paper 
was taken from the outer rings of the 
highest and lowest stumps at each site. 
It was free from contamination by 
borers and other organisms. Stump-base 
altitudes and C“ ages are shown in Fig. 
1. The following speculations about the 
data are offered. 

1) If the rates of coastal submer- 
gence were constant at each of the three 


sites between 4450 and 3200 years be- 
fore the present (B.P.), the average rate 
of submergence at Odiorne Point cor- 
responds closely to the approximate 
average rate of postglacial rise of sea 
level (Fig. 1), as determined from data 
presented by Shepard and Suess (7, 
Fig. 1). Crustal stability at Odiorne 
Point during this time interval would 
thus be implied, but later upwarping 
would be required, because the stumps 
are some 12 feet closer to present sea 
level than the materials that were dated 
in Shepard and Suess’s study (Fig. 1). 
Also, the apparent average rate of sub- 
mergence in the Fort Lawrence—Grand 
Pré area would amount to roughly three 
times that which would have been in- 
duced by the rate of postglacial rise of 
sea level determined from Shepard and 
Suess’s data. The greater rate of sub- 
mergence could probably best be ex- 
plained as resulting from slow crustal 
downwarping in the Nova Scotian re- 
gion, simultaneous with sea-level rise. 
The possibility that the Nova Scotian 
submergence rate reflects wholesale tree 
death during part of the time interval, 
and is attributable to the breaking of 
barriers between ocean and forests or 
to a rapid displacement of the crust, is 
improbable (5, p. 614). Relatively long 
periods of time were involved in the 
killing of successively higher trees by 
the rising salt water (5). Another con- 
sideration is that greater submergence 
tate might in some way be related to a 
progressive increase in tidal range, as 
continued submergence brought ocean 
waters farther and farther into the 
Fundy embayment (8, p. 580). 

2) If submergence at each site 
coincided with eustatic oscillations of 
sea level of the type suggested by Fair- 
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Fig. 1. Altitude versus age for two P. strobus stumps at each of three drowned-forest 
sites, and apparent average rates of site submergence. 
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bridge (9, Fig. 1), the submergence 
sequences may be considerably more 
complicated than our Fig. 1 indicates. 
Because three of our trees were killed 
by rising salt water during two of Fair- 
bridge’s postulated regressions of sea 
level [see also Hussey (4, Table 1), 
3250 + 200 B.P.], their deaths would 
have to be explained by crustal down- 
warping at rates in excess of the eustatic 
regressions. 

We wish to withhold judgment on 
these speculations, pending C* dating 
of six samples from stumps at inter- 
mediate altitudes at each of the three 
sites (J0). 

C. J. Lyon 
Dartmouth College, 

Hanover, New Hampshire 

W. HARRISON 
College of William and Mary at 
Norfolk, Norfolk, Virginia 
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Antithyroid Effects 
of Aminotriazole 


Abstract. Aminotriazole, like other anti- 
thyroid compounds and low-iodine diets, 
produces adenomatous changes in the thy- 
roid glands of rats when fed continuously 
for long periods. Such changes are re- 
versible if the antithyroid regime is dis- 
continued. The antithyroid compounds that 
are naturally present in food are not re- 
garded as causes of cancer. 


The action of the Food and Drug 
Administration in seizing shipments of 
cranberries containing alleged residues 
of the herbicide aminotriazole (3- 
amino-1,2,4-triazole) (1) makes it de- 
sirable to summarize briefly some un- 
published findings with this substance 

A large number of compounds have 
the property of inhibiting the thyroid 
gland from reacting with inorganic 
iodide to form the thyroid hormone 
(4). Prominent among these “antithy- 
roid” compounds are certain substances 
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containing the -NH—CS- grouping, in- 
cluding thiouracil, and a number of 
aminoheterocyclic compounds, includ- 
ing aminotriazole (5). Many foods, in- 
cluding cabbage, turnips, peas, beans, 
strawberries, and milk, contain antithy- 
roid substances (6), one of which, L- 
5-vinyl-2-thiooxazolidone (“goitrin”), 
has been isolated in quantities as high 
as 200 parts per million from rutabagas 
and has a potency equal to that of 
thiouracil as measured in human sub- 
jects (7). 

In experiments in our laboratories 
(3) enlargement of the thyroid gland 
in rats and pronounced lowering of up- 
take of administered radioiodine by this 
gland were produced by feeding diets 
containing 60 or 120 parts per million 
of aminotriazole for 2 weeks. There 
were no significant changes in the gland 
at levels of 15 and 30 parts per million. 

In studies carried out at a consulting 
laboratory (8), rats were fed diets con- 
taining 0 (group 1), 10 (group 2), 50 
(group 3), and 100 parts per million 
(group 4) of aminotriazole. After 24 
months the animals were sacrificed and 
a histological examination was made of 
some of the thyroid glands. No tumors 
were found in five thyroid glands exam- 
ined in group 1, although there was one 
cystic follicle with papillary change that 
is typically the forerunner of a very 
large cystic adenoma. One adenoma was 
found in ten thyroid glands in group 2. 
Two of the 15 glands in group 3 and 
17 of the 26 glands in group 4 were 
found to be adenomatous. One gland in 
group 3 and four in group 4 showed 
changes which were interpreted by some 
pathologists to be adenocarcinomatous 
and by others to be nonmalignant. The 
exact significance of these changes in 
relation to spontaneous thyroid pathol- 
ogy in rats of this age needs extended 
discussion beyond the scope of this 
brief article and will be reported else- 
where (2). After 17 weeks, aminotria- 
zole was withdrawn from the diet of a 
fifth group of rats that had received 500 
parts per million, and 2 weeks later 
their thyroid glands were found to be 
normal in appearance. 

It has long been recognized that sup- 
pression of the function of the thyroid 
gland in rats by administration of anti- 
thyroid compounds or by deprivation 
of dietary iodine leads to an increase 
in the production of the thyroid-stimu- 
lating hormone of the pituitary and a 
consequent increase in the size of the 
thyroid gland (9). The prolongation of 
either type of regimen led to the emer- 
gence of thyroid adenomata (9, 10, 11) 
which were not seen when the feeding 
of the antithyroid diet was alternated 
with periods of control diet (/0). 

By continuing the feeding of com- 


paratively high levels of such anti- 
thyroid substances as thiourea and 
thiouracil to mice, lung nodules of thy- 
roid-like tissue were eventually pro- 
duced (/2). Adenocarcinomatous tumors 
were produced in rats by prolonged 
treatment with thiourea. No metastases 
were found and the authors regarded 
this absence as evidence against any 
direct carcinogenic effect of thiourea, 
but rather as reflecting the overproduc- 
tion of a normal body constituent, thy- 
roid-stimulating hormone (/3). 

These and other observations make it 
apparent that an antithyroid regimen 
in experimental rats and mice can be 
predicted to result eventually in the ap- 
pearance of thyroid tumors. Some of 
these may reach a stage that is regarded 
by some authorities as adenocarcinom- 
atous, although this point is debated by 
other investigators who consider the 
changes as resembling benign tumors 
(14). In any case, such a stage has 
been described only if the treatment 
corresponded to complete blocking of 
the thyroid gland taking place continu- 
ously for most of the normal lifetime 
of the animal. Moderate or intermittent 
treatments with antithyroid substances 
have not been reported to lead to the 
production of tumors. Indeed, the con- 
sumption of foods that inherently con- 
tain antithyroid substances is not usual- 
ly regarded as a potential cause of can- 
cer in human beings. Furthermore, 
thiouracil and its congeners are com- 
monly used clinically in the treatment 
of hyperthyroidism, thus giving addi- 
tional clinical experience in the use of 
compounds of this type (75). 

Recently Hoshino has reported in a 
preliminary communication that injec- 
tions of aminotriazole significantly de- 
layed the production of liver cancer in 
rats that received the carcinogenic dye, 
4-dimethylaminoazobenzene (16). This 
recalls the finding by Paschkis and co- 
workers (/7) that another antithyroid 
compound, thiouracil, protected the 
livers of rats against the carcinogenic 
action of 2-acetaminofluorene. 

The characterization of the antithy- 
roid compound aminotriazole as a can- 
cer-producing substance would seem to 
be questionable and in any case needs 
careful definition of conditions. Foods 
containing antithyroid substances are 
universally present in ordinary diets. 

T. H. JUKEs 
C. B. SHAFFER 
American Cyanamid Company, 
New York 20, New York 
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Discrimination of Tones during 
Reinforcing Brain Stimulation 
Abstract. Hungry animals were trained 
to press a lever for brain stimulation. Dif- 
ferent tones were presented concurrently 
with the stimulation. A second lever de- 
livered food only during critical tone 
periods. Animals were able to discriminate 
tones presented concurrently with reward- 
ing intracranial stimulation, and they also 
interrupted self-stimulation behavior to 


respond appropriately under other rein- 
forcements. 


Since the report by Olds and Milner 
(1) that rats will perform tasks if re- 
warded by electrical stimulation of spe- 
cific subcortical brain areas, a number 
of studies have demonstrated the 
phenomenon with guinea pigs (2), cats 
(3, 4), and monkeys (5, 6). The 
phenomenon may be referred to as self- 
stimulation’ when the animal is per- 
mitted to determine the rate of in- 
tracranial stimulation by its rate of 
responding. Previous studies have re- 
ported the distribution of rewarding 
sites within the central nervous system 
(7), the effect of various schedules of 
intermittent reinforcement on_ self- 
stimulation behavior (8, 9), the rate of 
extinction following the withholding of 
intracranial stimulation (8, 1/0), and 
the effect of various states of depriva- 
tion such as food and sex deprivation 
JZ). 

Little information is available, how- 
ever, concerning the ability of an animal 
to respond to stimuli during intracranial 
stimulation. There is evidence that 
animals are unresponsive to environ- 
mental cues while receiving rewarding 
brain stimulation. In conditioned emo- 
tional response experiments, for ex- 
ample, animals stop working for food 
if a clicking sound which had previously 
been associated with a painful shock 
is presented (12), but Brady (5) has 
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recently demonstrated that when re- 
warding brain stimulation is substituted 
for food, animals continue responding 
during the period of clicker presenta- 
tion. Are the animals capable of sensing 
and interpreting stimuli presented con- 
currently with intracranial stimulation? 
The experiment reported here was de- 
signed to answer this question. The 
results also shed some light on the 
ability of animals to interrupt self- 
stimulation to respond under other 
kinds of reinforcement. 

Seven male albino rats, weighing ap- 
proximately 300 gm each at the begin- 
ning of the experiment, served as the 
subjects. Bipolar electrodes were im- 
planted stereotaxically in the middle 
and posterior hypothalamus. Postepera- 
tively, the rats were deprived of food 
until their weight was reduced to 80 
percent of their weight on an ad 
libitum feeding regimen, and then were 
maintained at this weight. They were 
then trained to press a lever to receive 
a 0.2 ml cup of diluted condensed 
milk. 

Tone discrimination training con- 
sisted of presenting 1.5-minute periods 
of tone A (1000 cy/sec) and tone B 
(200 cy/sec) in a random sequence. 
Responses were rewarded with milk 
only during tone A periods. When more 
than 80 percent of the responses oc- 
curred during the tone A periods, the 
subjects were trained to press a second 
lever for brain stimulation. The electri- 
cal stimulus consisted of a 0.5-second 
train of paired biphasic square waves 
presented at a frequency of 100 presen- 
tations per second. The pulse pairs were 
0.2 msec in duration, and they were 
separated by an interval of the same 
duration. Responsiveness to the in- 
tracranial stimulation varied, and an 
intensity was selected which yielded 
stable lever-pressing rates. 

After stable response rates for brain 
stimulation were established, 1.5-minute 
periods of either tone A or tone B 
were randomly presented with an aver- 
age interval of 3 minutes between 
periods. During each tone period, every 
response on the brain-stimulation lever 
produced the appropriate tone. The on- 
set of the tone followed the onset of 
the brain stimulus by 15 msec and 
ended 30 msec before the termination 
of the stimulus. If the animal switched 
to the food lever during a tone period, 
the tone started beeping independently 
of lever presses for the balance of the 
1.5 minutes. The ending of the beeping 
tone served as a signal to the animal 
that food was no longer available. Thus, 
until the animal had switched to the 
food lever, tones were presented only 
concurrently with brain stimulation. 
Pressing the food lever was rewarded 
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Fig. 1. Typical record illustrating re- 
sponses on the intracranial stimulation 
(ICS) and food levers. 


only during the tone A periods, while 
brain stimulation followed all responses 
on the brain-stimulation lever. Each 
test contained nine tone A and nine 
tone B periods. 

There is clear evidence that the rats 
were able to discriminate between tones 
presented concurrently with brain stimu- 
lation. Figure 1 shows the activity of 
a typical rat on the brain-stimulation 
and food levers after eight testing ses- 
sions. Pressing of the food lever is in- 
dicated on the horizontal, while activ- 
ity on the brain-stimulation lever is 
cumulated in the upper curve. The pen 
recording brain-stimulation-lever activi- 
ty was deflected downward during the 
tone periods; these can be identified 
from the labels. It can be seen that the 
animals switched to the food lever only 
during tone A periods and returned 
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Fig. 2. Bar graph illustrating mean elapsed 
time and mean number of tone presenta- 
tions before the switch to the food lever. 
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immediately to the brain-stimulation 
lever at the termination of this period. 
The figure in parenthesis gives the 
number of tone presentations before 
the animal switched to the food lever; 
this figure is followed by the time (in 
minutes) which elapsed between the 
first tone presentation and the response 
on the food lever. 

Figure 2 summarizes the data for all 
animals during their last four tests. Bar 
graphs were plotted for the mean 
elapsed time and for the mean tone 
presentations before the switch to the 
food lever. The animals required an 
average of 2.1 tone A presentations, 
with an average elapsed time of 0.07 
minutes, before switching to the food 
lever, while they rarely switched to the 
food lever during the tone B period. 
For purposes of calculation, 1.5 minutes 
was scored when the animals did not 
respond on the food lever during a tone 
period. 

The results demonstrate not only that 
the animals were capable of distinguish- 
ing between the two tones during in- 
tracranial stimulation, but that, at least 
under certain conditions, they were 
capable of terminating self-stimulation 
to respond to other reinforcements. In 
subsequent experiments animals were 
found to differentiate between stimuli 
appearing simultaneously with brain 
stimulation, but whether or not they 
responded depended upon the rein- 
forcing effect of the brain stimulation 
and the consequence of responding to 
the second lever. 

BERNARD BEER 
ELLioT S. VALENSTEIN 
Department of Psychology, 
Walter Reed Army Institute 
of Research, Washington, D.C. 
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Allelic Genes in the Housefly 
Producing Modified Enzymes That 
Cause Organophosphate Resistance 


Abstract. In all of six phosphate-resist- 
ant strains of Musca domestica L. a 
mutant gene is present which produces an 
altered ali-esterase. The modified enzymes 
are no longer irreversibly inhibited by the 
oxygen analogs of the insecticides to 
which the strains are resistant but can 
slowly convert them. In five of the strains 
the resistance is caused by this gene only. 


It is generally conceded that the 
fundamental effect of gene mutation is 
the production of altered proteins. 
However, in only a few cases has this 
actually been demonstrated (J). From 
the study presented here, it appears 
that organophosphate resistance in the 
housefly, Musca domestica L., is main- 
ly due to the production of such an 
altered protein. The adaptive value of 
this change is of great importance to 
the species under the altered conditions 
of life. 

In the housefly the use of the or- 
ganophosphate insecticides Parathion, 
Diazinon, and Malathion (2) has led to 
the development of resistant strains 
(3). Since these phosphorothionates, 
after conversion to the corresponding 
oxygen analogs paraoxon, diazoxon, 
and malaoxon, act as strong inhibitors 
of different esterases in the insect, a 
comparison was made between the 
esterase activities shown by homoge- 
nates of resistant and susceptible strains. 
A curious difference was found: homog- 
enates of all the phosphate-resistant 
strains studied showed a very low ali- 
esterase activity toward substrates such 
as methyl- and phenylbutyrate, whereas 
high activity was found in all the sus- 
ceptible strains investigated (4). Low 
activity has now been observed in five 
strains resistant to Parathion and 
Diazinon from Europe and North 
America and in two strains from North 
America resistant to Malathion. High 
activity is present in six organophos- 
phate-susceptible strains, some of which 
are resistant to the chlorinated hydro- 
carbons DDT and 7-BHC (benzene 
hexachloride). 

The low esterase activity was found 
to be caused by an autosomal gene 
(5) (indicated as a; the corresponding 
gene for high esterase activity is indi- 
cated as a*). The mean esterase activi- 
ties toward methylbutyrate of a homog- 
enate of single male flies of the genetic 
constitutions aa, aa*, and a‘a*, respec- 
tively, are about 50, 175, and 300 
(expressed as microliters of CO: pro- 
duced in the Warburg manometer in 
30 minutes under certain conditions). 
Furthermore, it was found that in four 
out of five strains studied the phos- 
phate resistance depends mainly on one 


gene (5, 6), which is identical with the 
a gene. In the fifth strain the a factor is 
responsible for only a part of the resist- 
ance; in addition, one or more other 
resistance genes are present which do 
not affect esterase activity. 

Although the a genes seem to be 
equal in their effect on the esterase ac- 
tivity, they differ widely in the spec- 
ificity and degree of resistance which 
they confer on the strains. At least 
three different a genes have been dis- 
cerned so far (Table 1, strains D, C, 
and G). The fact that they have the 
same influence on the esterase activity 
and all cause resistance suggests that 
they may be alleles. Nguy and Busvine 
(6) studied this possibility for the 
Parathion-Diazinon resistant strain C 
and the Malathion resistant strain H. 
Hybrids of these strains were back- 
crossed with the susceptible _ strain. 
Since the offspring consisted of about 
50 percent Malathion resistant and 50 
percent Parathion-Diazinon _ resistant 
flies (resistance is semidominant), these 
workers concluded that the two genes 
are allelic or otherwise closely linked. 

We studied the possible allelism in 
the Parathion-Diazinon resistant strains 
F and C and the Malathion resistant 
strain G, estimating the esterase ac- 
tivity instead of resistance. The crosses 
F xX G and C X G were made, and 
f: and fs generations were obtained. The 
fi flies had low esterase activity. Low 


Table 1. Susceptibility and in vitro break- 
down capacity in some strains of houseflies. 
The in vitro breakdown was measured in the 
following way. To a series of samples of 
homogenates, increasing amounts of inhibitor 
were added. After 2 hours of incubation the 
presence or absence of inhibitor was tested 
by adding fresh cholinesterase., The break- 
down capacity was calculated by taking the 
mean of the amount of the inhibitor that 
had been converted completely and the next 
higher amount which had not yet been com- 
pletely degraded. In strains without a break- 
down enzyme a certain amount of inhibitor 
was bound by the homogenate. However, this 
amount (indicated by- an asterisk) does not 
increase with time. 


LD., Break- Break- 
diazoxon malaoxon 
(mug/2hr) ‘“8/"Y?  (myg/2 hr) 
Strain § 
2 a 0.6 4* 
Strain D 
12 15 
Strain C 
62 72 13 
Strain G 
4 1* 25 130 
Strain F 
100 4 
Strain F, 
11 
Strain Fy 
11 5* 
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activity was also found in all of the 
98 individual flies tested of the f: of 
the cross F X G and in all of the 52 
flies tested of the fz of C x G. If two 
nonallelic genes for low esterase ac- 
tivity had been present, %4 of the fz 
flies would have had only one a gene 
(intermediate esterase activity) and 
1/16 would have had no a genes 
(high esterase activity). Since low ac- 
tivity was found, the above data indi- 
cate allelism or close linkage. 

It has been found that homogenates 
of flies resistant to Parathion and 
Diazinon contain an enzyme which can 
degrade the oxygen analogs of these 
insecticides (7). From the fact that 
the activity of this enzyme parallels the 
degree of resistance in two of the strains 
in which resistance is caused by one 
gene only, we concluded that the 
enzyme is made under the influence of 
the a gene (Table 1, strains D and C). 
The breakdown enzymes in the resistant 
strains thus would be modifications of 
the ali-esterase normally made under 
the influence of the a* gene. Two sets 
of data provide evidence to support this 
conclusion. 

First, a substrain F. was obtained in 
which the a factor of the resistant 
strain F was incorporated into the 
genome of the susceptible strain S. 
This was done by crossing strain F 
with strain S and by subsequent re- 
peated backcrossing to strain S. Con- 
currently, selection for low ali-esterase 
activity was made. Homogenates of the 
F, flies showed a breakdown capacity 
which was only a little lower than that 
of the F flies. This shows that break- 
down capacity and low ali-esterase ac- 
tivity are dependent on one and the 
same gene. This was further borne out 
by the absence of breakdown in sub- 
strain F, (Table 1). This strain showed 
about the same resistance as strain F, 
but contains the a’ allele, and its resist- 
ance must be brought about by one or 
more other factors (strain F also has 
more than one resistance factor). In a 
similar experiment attempts were made 
to transfer the a gene from the highly 
resistant strain G into strain S. This 
strain should have shown high resist- 
ance and breakdown capacity. However, 
it proved impossible to obtain such a 
strain in this case, probably as a re- 
sult of the presence of a lethal factor 

Second, since the a genes are alleles 
and in strains resistant to Parathion and 
Diazinon a breakdown enzyme is pro- 
duced for the corresponding phosphates, 
Malathion resistant strains should pro- 
duce an enzyme capable of degrading 
malaoxon. This was found to be the 
case (7). 

The mutant enzymes present in the 
strains resistant to Parathion and Diaz- 
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inon have been shown to possess a 
very high affinity for the oxygen 
analogs of these organophosphates. 
Nearly complete saturation of the 
enzyme is obtained with substrate con- 
centrations of the order of 10°M. Since 
it has been found that the ali-esterase is 
readily phosphorylated by these or- 
ganophosphates (8), the main difference 
is in the rate of dephosphorylation. This 
is practically zero for the ali-esterase, 
and thus there is an irreversible inhibi- 
tion, while a slow but definite turnover 
is present in the breakdown enzymes. 
If it is assumed that the concentration 
of the “mutant” enzymes is equal to 
that of the ali-esterase, the turnover 
number must be of the order of 0.1 per 
minute. 

Although most of the activity of 
“resistant homogenates” toward sub- 
strates such as _ methylbutyrate is 
brought about by other enzymes, there 
is evidence that a small part of the 
activity is due to the breakdown 
enzyme. This evidence was obtained by 
comparing the hydrolytic activities of 
homogenates in the presence of the or- 
ganophosphates with the activities of 
other homogenates in which the added 
phosphate had been completely de- 
graded. Though the difference was 
small, the activities of the latter homog- 
enates were significantly higher. This 
may well be explained by the assump- 
tion that the breakdown enzyme, which 
will be saturated by the organophos- 
phates as long as these are present, re- 
gains its reactivity to methylbutyrate 
after the degradation of the organophos- 
phates has been completed. This activity 
is only 1 to 3 percent of the activity of 
the ali-esterase of the susceptible flies, 
but, still, this finding supports the view 
that ali-esterase and breakdown enzymes 
are related. 

It can be calculated that the turn- 
over number of the breakdown enzyme 
for methylbutyrate is at least 10* times 
that for the organophosphates. Yet 
there seems little doubt that the deg- 
radation of the organophosphates con- 
stitutes a physiologically very impor- 
tant feature of the breakdown enzyme. 

The natural function, if any, of the 
ali-esterase in the flies is unknown. It 
is possible that the breakdown enzymes 
are as active as the ali-esterase in con- 
verting some unknown natural sub- 
strate. Whatever the function may be, 
evidently it can be dispensed with for 
at least some hours, since the enzyme 
is blocked as long as it is protecting the 
insect from intoxication by degrading 
the organophosphate. 

F. J. OPPENOORTH 
K. VAN ASPEREN 
Laboratorium voor 
Insekticidenonderzoek, 
Utrecht, Netherlands 
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New Test for the 
Biological Assay of Oxytocin 


Abstract. A strip of mammary gland is 
removed from a lactating rabbit and 
suspended in a bath. The contractions of 
the strip are recorded isometrically. The 
strip shows no spontaneous activity and 
responds with reasonable linearity and 
stability to oxytocin at concentrations 
ranging from 0.5 to 10 milliunits per milli- 
liter. 


Lactating rabbits from the 15th to 
the 30th day postpartum are anesthe- 
tized with a short-acting barbiturate. A 
mammary gland is separated from skin 
and abdominal fascia and a radial strip 
of gland tissue removed, two parallel 
cuts being made from the periphery to 
the teat. Strips so obtained are usually 
3 to 4 cm long, 0.5 cm wide, and 2 to 
4 mm thick. The strip is suspended in 
a bath of small volume (1.5 ml) con- 
taining Tyrode’s solution at 38°C. Iso- 
metric contractions of the strip are re- 
corded with a strain gauge of high 
sensitivity (Statham Model, G7A+ 
0.15 oz) and a recording galvanometer 


N.97% 
OXYTOCIN CONCENTRATION mU/mt 
6.25 125 500 
(mg) 
S 300 
100 ++ 4 +4 +4 +4 
it 
+ 


S % 20 minutes 30 
Fig. 1. Isometric recording of the con- 
tractions of an isolated strip of rabbit 
mammary gland. There are no spontane- 
ous contractions. Concentrations of oxyto- 
cin from 1.25 to 6.25 milliunits (mU) per 
milliliter evoke responses which are seen 
as slow increases in tension, recovery from 
which takes several minutes. The brief 
spikelike effects are due to changing the 
bath fluid. 
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system (Sanborn Poly Viso). If kept at 
3°C in Tyrode’s solution, such strips 
retain for several days their ability to 
react to oxytocin. 

The strips of mammary gland show 
no spontaneous contractions. They re- 
spond consistently to oxytocin, develop- 
ing tensions which may reach values of 
the order of 500 mg (Fig. 1). Contrac- 
tion develops slowly, taking about 1 
minute from the onset to the peak. 
Relaxation occurs even if oxytocin is 
not washed out from the bath. The 
lowest concentration of oxytocin de- 
tected by the mammary gland strip has 
been 0.1 milliunit/ml. Within a range 
from 0.5 milliunit/ml to 10 milliunit/ 
ml the tension developed by the con- 
traction of the strip is in direct linear 
relationship with the concentration of 
oxytocin (Fig. 2). The dose-response 
curve remains remarkably constant for 
several hours if the resting tension is 
readjusted to a constant value before 
each observation. The most commonly 
used values of resting tension are be- 
tween 50 and 100 mg. Furthermore, 
the mammary gland strip does not con- 
tract when heparinized blood or plasma 
is added to the bath, thus making 
possible the direct determination of 
oxytocin in these fluids. 

The linearity and the stability of 
the dose-response curve of the mam- 
mary strip offer considerable advan- 
tages over other tests currently em- 
ployed for the assay of oxytocin. 
Moreover, with strips of mammary tis- 
sue, as with the mammary gland 
studied in vivo, specificity is high and 
spontaneous activity absent. Because of 
these properties the mammary strip 
compares favorably with the isolated 
rat uterus which frequently exhibits 
spontaneous activity and also responds 
to a great variety of substances occur- 
ring naturally in normal blood. 

The sensitivity of the mammary strip 


N.97% 
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ISOMETRIC RECORDING 


TENSION DEVELOPED (mg) 
8 


OXYTOCIN CONCENTRATION (mU/ml) 
Fig. 2. The responses illustrated in Fig. 1 
are plotted to show the linear relationship 
between concentration of oxytocin and ten- 


sion recorded from the isolated strip of 
mammary tissue. 


test is 5 to 10 times greater than that 
of the response of the intact mam- 
mary gland to oxytocin given intrave- 
nously. Sensitivity is, however, less 
than that obtained, in vivo when the 
oxytocin is injected into the arteries 
supplying the mammary gland (/, 2). 
It is also less than the sensitivity of the 
superfused rat uterus (/, 3, 4). 
C. MENDEZ-BAUER 
H. M. CaBotT 
R. CALDEYRO-BARCIA 
Service of Obstetrical Physiology, 
Faculty of Medicine, 
Montevideo, Uruguay 
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Feather Mites and Ornithosis 


Abstract. Ornithosis virus has been iso- 
lated from several species of poultry ecto- 
parasites, suggesting for the first time that 
this too may be a vector-borne infection. 


A virus of the ornithosis group, for 
which we prefer the designation Bed- 
sonia rather than Miyagawanella, has 
been isolated by mouse passage from 
ectoparasites collected under two epi- 
zootiologically different circumstances 
in two widely separated geographical 
areas. 

In the first case there had been some 
serologic, but no clinical, evidence of 
this infection in a chicken flock in the 
preceding 3 years. When an observer re- 
ported an extensive infestation with 
mites, the Hooper Foundation requested 
that some of these be collected so that 
they could be examined for the orni- 
thosis virus. The ectoparasites were col- 
lected from a rooster with an indirect 
complement fixation titer of 1:16, and 
in the first intraperitoneal mouse pas- 
sage and in the subsequent ones there 
was gross and microscopic evidence of 
the virus. These insects were not identi- 
fied, but in the further pursuit of this 
very interesting observation, lice, some 
identified by an entomologist to be 
Menopon gallinae (M. pallidum) were 
collected from ten hens and again the 
virus was isolated. 

Although it has been known since 
early in the 1930’s that activation of 
latent infection accounts for the spora- 
dicity of this infection, in some cases 
this explanation has not sufficed, in in- 
cubator-hatched poultry for example. 


This isolation suggested a hitherto un- 
recognized virus-perpetuating system. 
But the misleading interference of 
masked infections in laboratory mice, 
although there was no special reason 
to suspect them in this observation, and 
the fact that the isolation was made in 
a laboratory where other work on this 
virus is being carried on, made it neces- 
sary to make some further studies. 
Since ornithosis had been occurring 
annually and inexplicably in a turkey 


flock, the next step was to see whether 


there might be infected ectoparasites on 
the premises of that flock. A public 
health official who had been participat- 
ing in investigations of the flock col- 
lected miscellaneous material, including 
insects, from nests in which there had 
been no turkeys for about 24% months, 
Most of the insects were still alive when 
they were identified and separated for 
the isolation tests. Mouse passage of 117 
pools has again revealed the virus, de- 
spite the fact that the mites could not 
have fed on infected turkeys for at least 
3% months before the test. Two of the 
infected pools consisted of Glycyphagi- 
dae, Berlese, probably Glycyphagus do- 
mesticus. The other was a mixture of 
Haemogamasus, Haemolaelaps, Orni- 
thonyssus, and Cheyletus. Isolations have 
been made also from Cheyletus and a 
Mesostigmata, possibly Arctacaridae. 
This information is given to stimulate 
others to investigate this possibility fur- 
ther and to consider such ectoparasites 
as potential reservoirs or vectors of 
other infections. 
K. F. MEYER 
B. Eppiz 
George Williams Hooper Foundation, 
University of California Medical Center, 
San Francisco 
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Rapid and Reversible Block of 
Electrical Activity by 
Powerful Marine Biotoxins 


Abstract. Puffer-fish poison and clam 
poison reversibly inhibit conduction in 
single nerve fiber preparation of frog in 
a concentration of 3 x 10-°M. In the iso- 
lated electroplax of Electrophorus electri- 
cus higher concentrations block both trans- 
mission and conduction. Neither toxin is 
a potent acetylcholinesterase inhibitor. The 
mechanism of action of these toxins in 
blocking transmission and conduction has 
not yet been established. 


Extremely toxic compounds have 
been isolated from certain marine ani- 
mals, fish and invertebrates. Some of 
these toxins have been isolated and 
purified. Their molecular weights are 
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M Clam Poison complete recovery 


in Ringer's solution 
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Fig. 1. Effect of clam poison on the mon- 
onodal action potential of a single nerve 
fiber preparation of the frog sciatic nerve 
(Rana pipiens). At 3 x 10°°M concentra- 
tion (10-* wg toxin per milliliter of solu- 
tion), this toxin blocks conduction in 30 
seconds. After return to Ringer’s solution, 
conduction was restored within 1 minute 
(pH, 7.7; temperature, 23°C). 


known but not their structure. Knowl- 
edge of the mode of action of these 
toxins is rather limited, but it is known 
that some of them block conduction 
and neuromuscular transmission re- 
versibly (1). On the suggestion of B. 
Jandorf we have tested, on the electrical 
activity of conducting membranes, the 
effects of two of the toxins (2): the 
clam poison, prepared according to the 
method of E. J. Schantz et al. (3), and 
the puffer-fish poison. 

The action of both toxins was tested 
on Ranvier nodes of a single frog sciatic 
nerve fiber prepared according to the 
method of Staempfli (4), and on the 
single isolated electroplax of Electro- 
phorus electricus, preparaed with the 
method developed by Schoffeniels (5). 
In the innervated membrane of the latter 
cell there are many synaptic junctions, 
although most of the surface area is con- 
ducting membrane; the two types of 
membranes can be readily distinguished 
by electrical characteristics. 

On exposure of Ranvier nodes to 
either of the toxins in concentrations of 
about 3 X 10°°M (10* pg/ml), elec- 
trical activity was rapidly and reversibly 
blocked within 30 seconds (See Fig. 1). 
With higher or lower concentrations the 
period of time required changed cor- 
respondingly. When the electroplax was 
exposed to either of the two toxins, a 
marked difference in the effect was ob- 
served. Clam poison, in a concentration 
of 5 X 10“ »g/ml, blocked the response 
to neural stimulation in 10 to 20 min- 
utes. With higher toxin concentration 
(0.1 »g/ml) the inhibition occurred in 
seconds. A concentration of 0.2 ng/ml 
was required to block the response to di- 
rect stimulation. Puffer-fish poison, in a 
concentration of 0.025 p»g/ml, blocked 
the response to both direct and indirect 
stimulation simultaneously. The pres- 
ence of curare (50 yg/ml) did not 
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change the concentrations required for 


blocking the response to direct stimula- _ 


tion. Inhibition by puffer-fish poison at 
concentrations of 0.1 to 0.25 g/ml, re- 
corded with intracellular electrodes, oc- 
curred without depolarization. 

The extraordinary toxicity of the 
compounds, which is several orders of 
magnitude higher than that of the most 
toxic nerve gases, raises the interesting 
and challenging problem as to the under- 
lying mechanism. The primary role of 
the acetylcholine system in the genera- 
tion of bioelectric potentials prompts 
the question of whether that system may 
be affected by these toxins. A reaction 
of these toxins with any one of the mem- 
bers of the system is thus conceivable. 
However, the affinity of the toxins to 
acetylcholinesterase is so low that a re- 
action with this enzyme may be exclud- 
ed as a casual factor (6). A few tenta- 
tive tests by S. Ehrenpreis with the re- 
ceptor were inconclusive; considerable 
modifications of techniques are required 
for analysis. Action on the storage pro- 
tein leading to a release of the ester 
appears unlikely, since there seems to be 
no depolarization, and since the block- 
ing effect persists as long as the toxins 
are present. Obviously, the toxins may 
react with entirely different constituents 
of the membrane. At present, no satis- 
factory explanation can be given of the 
underlying chemical reaction. But the 
data reported promise to provide biology 
with a new potent tool for the analysis 
of events associated with nerve activ- 
ity (7). 

W. D. DETTBARN 
H. HIGMAN 
P. ROSENBERG 
D. NACHMANSOHN 
Departments of Neurology and 
Biochemistry, College of 
Physicians and Surgeons, 
Columbia University, New York 
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Federation . 


Eating or Drinking Elicited by 
Direct Adrenergic or Cholinergic 
Stimulation of Hypothalamus 


Abstract. A double cannula system, al- 
lowing repeated stimulation of central 
structures with crystalline chemicals, was 
developed. This technique was employed 
to study the effects of adrenergic and 
cholinergic stimulation of the lateral hypo- 
thalamus of rats. Drug-specific effects on 
the feeding and drinking mechanisms, 
respectively, were observed. 


The exploration of the central ner- 
vous system by means of electrical 
stimulation has provided a wealth of 
information of great interest to physi- 
ologists and psychologists alike. The 
usefulness of this technique is limited, 
however, because the effects of stimu- 
lation are not restricted to synaptic 
junctions but affect fibers of passage, 
causing conduction in both normal and 
antidromic directions. 

It has long been recognized that 
chemical stimulation avoids these prob- 
lems, but the technique has in the past 
been plagued by the problem of uncon- 
trolled spread, which raises a serious 
objection to the injection of chemicals 
in solution. Attempts to control for 
this factor by minimizing the injected 
quantities have apparently not been 
completely successful in preventing the 
escape of the fluid along the shank of 
the needle, following the path of least 
resistance. 

Depositing chemicals in solid form 
has been shown to reduce this problem 
greatly (1), but this method has not 
allowed repeated stimulation of a se- 
lected locus. In the present study, a 
technique was developed which avoids 
this objection. 

A double cannula system, consisting 
of two modified syringe needles, was 
permanently implanted unilaterally, by 
means of a stereotaxic instrument, into 
the lateral hypothalamus of each of 12 
albino rats. Histological verification of 
the intended placements showed the tip 
of the cannula to be located in a circum- 
scribed perifornical region at the same 
rostrocaudal coordinate as the ventro- 
medial nucleus (see Fig. 1), an area 
corresponding to the ventral portion of 
Anand and Brobeck’s “feeding area” 
of the lateral hypothalamus (2). 

After 5 days of postoperative recup- 
eration, the inner cannula was removed 
and minute amounts (1 to 5 ug) of 
crystalline chemicals were tapped into 
its tip before it was returned to its usual 
position. Successive treatments were 
administered to all animals in a coun- 
terbalanced order, with a minimum of 
3 days between injections. Both food 
and water were freely available through- 
out the experiment. The food and water 
consumption of satiated rats was re- 


301 


n. 
of 
nd 
in 
er 
on 
lic 
at- 
ol- 
ing 
iad 
hs, 
len 
for 
17 
de- 
ast 
the 
do- 
ave 
Ja 
lae. 
late 
‘ur. 
ites 
of 
YER 
DIE 
mn, 
iter, 
slam 
g in 
iso- 
octri- 
rans- 
in is 
The 
has 
have : 
ani- 
e of 
and 
= 


corded for 1 hour immediately follow- 
ing stimulation and compared with the 
consumption in a comparable period 
immediately preceding the injection. 
Daily food and water consumption rec- 
ords were maintained. 

None of the animals ever consumed 
food or water in measurable quantities 
during the prestimulation period. The 
injection of epinephrine or norepine- 
phrine resulted in highly significant (p 
< .01) food consumption beginning 
5 to 10 minutes after stimulation and 
persisting with variable intensity for 20 
to 40 minutes. Food consumption aver- 
aged 3.0 gm under epinephrine and 4.3 
gm under norepinephrine. 

The injection of acetylcholine (capped 
by physostigmine) or carbachol into the 
identical loci in the same animals re- 
sulted in highly significant drinking (p 
< .01), the latency, duration, and mag- 
nitude of the effect being comparable 
to those obtained for eating after the 
injection of adrenergic substances. Wa- 
ter consumption averaged 7.4 ml after 
the injection of acetylcholine and 12.8 
ml after the injection of carbachol, this 
difference being highly significant (p 
< .01). There was no significant food 
consumption after cholinergic stimula- 
tion (see Fig. 2). 

The injection of adrenergic sub- 
stances resulted in significantly less wa- 
ter intake than cholinergic stimulation 
(p < .01). Since in all but one animal 
the drinking occurred only after a con- 
siderable amount of dry food had been 
consumed, water consumption seemed 
to be secondary to the food intake 
rather than a direct consequence of 
stimulation. To establish further the 
specificity of the adrenergic effect, nor- 
epinephrine was deposited in the lateral 
hypothalamus of six food- and water- 
satiated animals, which were then placed 
in observation cages containing only 
water. For 30 minutes after the injec- 
tion none of the animals consumed 
measurable quantities of water, though 


Fig. 1. End of needle tract in the right 
perifornical region of the rat brain. Stimu- 
lation at this point, as well as at loci 
slightly more medial and ventral, produced 
the effects described in the text. 
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WATER CONSUMPTION FOLLOWING STIMULATION (cc) 
NOR-EPINEPHRINE 
EPINEPHRINE 
CARBACHOL | 


ACETYLCHOLINE 


NaCl 


FOOD CONSUMPTION FOLLOWING STIMULATION ( grams) 


CARBACHOL 


ACETYLCHOLINE 


Fig. 2. Food and water intake during 1 hour following stimulation. (The intake during 
a comparable control period was zero in all cases and is not shown.) 


four cf them repeatedly sampled the 
drinking tube very briefly. Food was 
then introduced, and ali animals ate 
almost immediately, though total food 
consumption was lower than that nor- 
mally observed, since the food was in- 
troduced only toward the end of the 
period previously established as the du- 
ration of the adrenergic effect. 

In order to control for the effect 
of osmotic stimulation, comparable 
amounts of NaCl were deposited in all 
the animals. No significant food or 
water intake was observed. In order to 
control for general excitation effects, 
strychnine in comparable quantities was 
deposited in six animals which also 
showed the above-described effects of 
adrenergic and cholinergic stimulation. 
No consumatory behavior was observed 
following this stimulation. 

The daily consumption records indi- 
cate that the amount of food or water 
consumed during the 1-hour period 
after stimulation, totaling as much as 
40 percent of the animal’s normal daily 
intake, appeared to be consumed above 
and beyond the normal daily intake. 
Because of the variability of these rec- 
ords, no statistical evaluation of this 
effect can be presented, but the con- 
clusion is supported, at least for eating, 
by the consistent weight gain observed 
on the day following adrenergic stimu- 
lation. 

A control for the specificity of the 


localization of the observed effects was 
obtained in a preliminary study designed 
to yield optimal stereotaxic coordinates 
for the study reported here. It was 
found that very small deviations from 
the optimal position, shown in Fig. 1, 
sufficed to eliminate the effects com- 
pletely. 

The results of this investigation indi- 
cate that (i) cell concentrations active 
in the regulation of both food and water 
intake are present in the lateral hypo- 
thalamus; (ii) cell concentrations exert- 
ing this control appear to be highly lo- 
calized but not clearly separate from 
each other, since stimulation of “iden- 
tical” loci in the same animal can evoke 
both forms of behavior; and (iii) the 
feeding mechanism appears to be selec- 
tively activated by adrenergic stimula- 
tion, while the drinking mechanisms ap- 
pear to respond selectively to choliner- 
gic stimulation (3). 

S. P. GROSSMAN 
Department of Psychology, Yale 
University, New Haven, Connecticut 
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APPLICATION FOR HOTEL RESERVATIONS 
127th AAAS MEETING 
New York, 26-31 December 1960 


The five hotels for the AAAS New York meeting have established special, low, flat rates and have reserved 
appropriately large blocks of rooms for this meeting. Thus everyone making room reservations for the AAAS 
meeting is assured substantial savings. 

The list of hotels and the reservation coupons below are for your convenience in making your hotel reser- 
vation in New York. Please send your application, not to any hotel directly, but to the AAAS Housing Bureau 
in New York and thereby avoid delay and confusion. The experienced Housing Bureau will make assignments 
promptly; a confirmation will be sent you in two weeks or less. 

If requested, the hotels will add a comfortable rollaway bed to any room, at $3.00 per night. Mail your 
application now to secure your first choice of desired accommodations. All requests for reservations must give 
a definite date and estimated hour of arrival, and also probable date of departure. 


AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 


For a list of the headquarters of each participating society and section, see page 230, Science, 22 July. Both the Com- 
modore and the Biltmore are AAAS headquarters hotels. 


Flat Rates for Rooms with Bath* 


Hotel Single Double Bed Twin Beds Suites 
‘ing Commodore $ 8.50 $14.00 $15.50 $21.00 to $52.50 
Biltmore 8.50 14.00 15.50 45.00 and up 
Roosevelt 8.50 14.00 15.50 39.00 to 43.00 
was Belmont Plaza 8.50 14.00 15.50 30.00 and up 
me Waldorf-Astoria 10.00 16.00 18.00 45.00 and up 
a 
rom All rates are subject to a 5% New York City tax on hotel room occupancy. 
——— THIS IS YOUR HOUSING RESERVATION COUPON -——— 
AAAS Housing Bureau 
tive New York 17, N.Y. 
ater Please reserve the following accommodations for the 127th Meeting of the AAAS in New York, 26-31 December 1960: 
ad TYPE OF ACCOMMODATION DESIRED 
y lo- 
den- 
the (Desired rate and maximum rate apply only to suites) 
$ ap- (Attach list if this space is insufficient. The name and address of each person, including yourself, must be listed.) 
iner- 
MAN 
ut 
. Soc. (These must be indicated—add approximate hour, A.M. or P.M.) 
ee: (Individual requesting reservation) (Please print or type) 
ational 
(Street) (City and Zone) (State) 


Mail this now to the Housing Bureau. Rooms will be assigned and confirmed in order of receipt of reservat‘on. 
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Letters 
Social Responsibility of Scientists 


The editorial “Between two extremes” 
[Science 131, 1013 (8 Apr. 1960)] 
finds the two extreme attitudes toward 
the social responsibility of American 
scientists to be: (i) delegation by the 
scientists of responsibility for social 
consequences of his research to the 
state, and (ii) refusal by the scientist 
to do the work which his evolving con- 
science deems a threat to the “country 
or humanity at large.” 

The editorial chooses the middle way, 
the way of free expression by the sci- 
entist of his knowledge and considered 
opinion, while he remains loyal and 
faithful to the policies of his govern- 
ment. In making this choice, the edi- 
torial consigns the second “extreme” 
to the limbo of “anarchy.” 

It is my view that the second “ex- 
treme” position is in order wherever 
mass death is planned and carried out, 
whether under Hitler, Nehru, Eisen- 
hower, Khrushchev, or whomever. Li- 
nus Pauling, in his book No More War!, 
states that “testing of one great super- 
bomb, with 10 megatons of fission, re- 
quires the sacrifice of . . . 1500 chil- 
dren, . . . 150,000 children or even 
more.” In the light of this, the second 
“extreme” position makes sense to a 
great many of us in the United States, 
England, Russia, France, and else- 
where. 

Statements made in the editorial are 
related to the following quotation from 
G. B. Kistiakowsky’s article, “Science 
and foreign affairs,” in the same issue: 
“We, as scientists, must do all we can 
to help keep the tools of our diplomacy 
and the tools of our force in efficient 
readiness.” The phrase “tools of our 
force” needs special consideration in 
the age of weapons of mass annihila- 
tion. The editorial mentions the lunch- 
counter demonstrations in the current 
moral struggle for human rights in this 
country. The tools of force used in this 
struggle are successful insofar as they 
are not tools of violence. In other 
words, there appear to be two kinds of 
ultimate force to be used when diplo- 
macy “fails”—namely, tools of violence 
and tools of nonviolent force. 

I am persuaded that putting our tools 
of nonviolent force into readiness is 
more important than readying our tools 
of violence. The former can eliminate 
the necessity for the latter. Is there a 
government program for the develop- 
ment of nonviolent force, in the sense 
that Martin Luther King or M. K. 
Gandhi have used the term? 

Francis D. 
619 Riverside Drive, 
Madison, Wisconsin 
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I do not think that a scientist can 
shift the moral responsibility for the 
work he does to someone else. There 
was a jeweler who made a timing de- 
vice to explode a bomb in an aeroplane 
for a man who wished to kill his wife, 
and necessarily also. the other occu- 
pants of the plane. The jeweler was 
adjudged equally guilty with the man 
who attached the device to the bomb 
and concealed it in the plane. The sci- 
entist who contributes his skill to the 
development of nuclear or biological 
agents whose sole use is for the killing 
of thousands or millions of his fellow 
human beings would seem to be just as 
morally responsible as the jeweler, and 
perhaps several orders of magnitude 
more so. Neither a morally sensitive 
jeweler nor a morally sensitive scientist 
would accept such work. 

Forrest F, CLEVELAND 
Illinois Institute of Technology, 
Chicago 


Elementary-School Science 


The editorial of 13 May [Science 
131, 1405 (1960)], which reviews an 
article of mine on teaching elementary- 
school science, contains several points 
with which I now agree. (The article 
was written several years ago, although 
it was not published as part of a book 
until early 1959.) Obscure and flowery 
language is a fit subject for criticism. 
However, I do want to make a strong 
statement on one_ substantive issue 
raised in the editorial and to clarify 
my present position on a second. 

Children can exhibit more than fac- 
tual recall in elementary-school science 
and should be encouraged to do so. To 
begin to view science as a stimulating 
intellectual endeavor, a child must 
realize that speculation plays a crucial 
role in scientific discovery. One way to 
foster this realization is to create situa- 
tions in which the youngster himself 
can (yes) hypothesize, where he can 
also suggest methods for testing hy- 
potheses. A second-grade youngster cer- 
tainly can speculate about conditions 
that speed evaporation. There is no 
doubt he can suggest rational, even 
rigorous, meihods of putting his specu- 
lations to further test. Alerting the 
teacher to the fact that children can 
“formulate and suggest tests for hy- 
potheses” in science, as I did in the 
article, may add a dimension to teach- 
ing that places it more in consonance 
with a modern view of science than is 
usually true of science instruction at 
any level. 

However, it is a second point that I 
most wish to clarify. The editorial states 
the general argument of my chapter as 


follows: “Even young children should 
be taught ‘to apply the scientific method 
in solving their everyday academic and 
personal problems.’” Whether or not 
this theme is indeed the general argu- 
ment of the chapter is open to question. 
Certainly the sentence quoted, as the 
editorial acknowledges, came not from 
anything I wrote but from an introduc- 
tory remark by the editor some 357 
pages removed. 

More significant is the fact, which I 
chiefly wish to stress in this letter, that 
my efforts for the past 2 years have been 
directed primarily toward demonstrat- 
ing the merits of a viewpoint directly 
opposite to that ascribed to me in the 
editorial. An elementary-school science 
program wherein content is_ selected 
primarily on the basis of personal and 
social utility is weak on several grounds. 
In present programs reflecting this bias, 
elementary-school children often study 
details of municipal sewage systems be- 
cause such knowledge helps them bet- 
ter to understand how man makes use 
of science. For the same reason, they 
study design of space suits and con- 
struction of automobile engines. Criteria 
for content selection that emphasize 
the theme of utility lead to patchwork 
curricula. At their best, such programs 
lack foundation in basic scientific prin- 
ciples; at their worst, they stress solely 
the rapidly changing gadgetry confused 
in the public mind with science. 

Some of us at the University of 
Illinois have been pursuing a program 
for 2 years in which the choice of con- 
tent for elementary-school children is 
made by the professional scientist en- 
tirely on the basis of the significance of 
the content within the discipline. We 
have been working in astronomy so far. 
My role in this effort has been to try 
the topics so selected with youngsters 
in regular elementary-school  class- 
rooms. For example, we have been 
working with some classes to see 
whether children can acquire a concept 
of a geocentric solar system based on 
evidence that is relatively simple to ob- 
tain. As far as I know, the social or 
personal utility of this idea is nil. Yet 
the problem thus posed does give chil- 
dren an insight into a significant astro- 
nomical problem, albeit an old one. 
Children begin to understand by such 
study what astronomers do, what types 
of evidence they must collect. Similar- 
ly, we have been teaching children how 
distances are measured in space (in- 
stead of just telling them the distances 
that are thus measured, as is usually 
the case at present). 

There are many topics we plan to try. 
The work so far has been episodic. But 
on the basic of limited trial we can say 
that content selected solely because of 
its crucial role in a scientific discipline 
is intellectually exciting for children, 
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and the comprehension of such content 
by children in the normal intelligence 
range is truly surprising, particularly in 
the light of our current expectations of 
children. 

I have written at greater length else- 
where on this theme [see my article in 
The Science Teacher (March 1960)], 
and I expect to spend the next several 
years assessing the feasibility of elemen- 
tary-school science programs based on 
content selection by professional sci- 
entists. 

J. MYRON ATKIN 
College of Education, 
University of Illinois, Urbana 


Weather Forecasting 


In his recent article “The atmosphere 
in motion” [Science 131, 1287 (1960)], 
Robert R. Long has presented an inter- 
esting summary of his well-known work 
on the channel flow of stratified fluids, 
and the comparisons between theory 
and experiment which he presents are 
impressive. I think most dynamic mete- 
orologists would certainly agree with 
him in stressing the need for a great 
deal more basic hydrodynamical re- 
search in order to strengthen the foun- 
dations of dynamical weather predic- 
tion. I also feel that he would find few 
who would quarrel with the statement 
that forecasting accuracy has improved 
little in the past 40 years or so, al- 
though more variables are now pre- 
dicted over greater regions of the at- 
mosphere. Long’s introductory remarks 
on the role of numerical weather fore- 
casting in the past decade, however, 
may be misleading to the general sci- 
entific reader and deserve some com- 
ment. 

The numerical (or dynamic) forecasts 
now used subjectively by the forecast- 
ing meteorologist differ from his other 
sources of information in at least two 
important and fundamental respects. In 
the first place, the numerical forecasts 
tepresent the result of a systematic ap- 
plication of dynamical equations to the 
problem of large-scale atmospheric flow 
and are in this sense objective and re- 
producible. Secondly, the numerical 
forecasts may be (and have been) sys- 
tematically improved by the introduc- 
tion of more realistic models and previ- 
ously neglected physical effects, as well 
as by improvement of the numerical 
procedures employed in the solutions. 
From a practical viewpoint the test of a 
forecast is, of course, its accuracy, and 
in this respect the present numerical 
predictions are disappointing in some 
ways. The low-level forecasts issued, for 
example, by the Joint Numerical Weath- 
er Prediction Unit in Suitland, Md., are 
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not superior to those produced by the 
usual synoptic means; the higher-level 
(500 millibar) numerical forecasts, on 
the other hand, are now more accurate 
for periods up to 3 days than other com- 
parable forecasts. This recent improve- 
ment has resulted from the systematic 
error reduction noted above. In view 
of the many physical and mathematical 
approximations incorporated in present 
operational models, I feel that their per- 
formance is more surprising than dis- 
appointing; relatively simple dynamical 
methods are here effectively competing 
with all of the synoptic calculations and 
intuitive skill of the forecaster. 

From a broader viewpoint, the nu- 
merical integrations represent an at- 
tempt to verify the same set of basic 
dynamical equations with which Long 
is concerned, although for larger-scale 
phenomena, in which different physical 
effects are important. While the com- 
parison of theory and observation is 
here poorer than in the more restricted 
experiments of Long, I feel there is 
good reason to entertain more optimism 
than he suggests is in order. The small 
but systematic improvement in the pre- 
diction of the large-scale flow is here, 
I believe, a significant improvement. As 
this scale of motion is progressively 
better understood, the results of re- 
search on small-scale phenomena—of 
which Long’s studies of tornado-like 
circulations is an excellent example— 
may then be incorporated into the over- 
all dynamical picture and should result 
in further systematic forecast improve- 
ment, especially for the smaller-scale 
motions which are closely associated 
with our subjective impressions of 
“weather.” 

W. LAWRENCE GATES 
Department of Meteorology, 
University of California, Los Angeles 


Binocular Fusion of Colors 


In an article entitled “Colors of. all 
hues from binocular mixing of two 
colors” that appeared in Science [131, 
608 (1960)], the following statement 
was made by Geschwind and Segal. 
“The problem of binocular fusion of 
colors has interested investigators since 
Hecht’s demonstration in 1928 that pre- 
senting red to one eye and green to the 
other led to a subjective sensation of 
yellow. . . . Hurvich and Jameson... 
confirmed these results; it is today gen- 
erally accepted that such fusion is 
readily obtainable in most subjects.” 

A major finding of the article by 
Hurvich and Jameson cited by Gesch- 
wind and Segal was the following: “The 
fact that does clearly emerge from these 
results is that, unless there is a yellow 
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sensation and corresponding to it some 
form of yellow excitatory process 
(whether a single or dual event) in each 
monocular system (and by that phrase 
we understand the combined receptor- 
neural processes), there is no mysteri- 
ous, synthetic central emergence of the 
quality yellow. . .. When pure red and 
pure green stimuli are mixed, the re- 
sulting sensation is a neutral at an ap- 
propriate mixture ratio” [Science 114, 
199 (1951)]. Thus, our experiment did 
not confirm Hecht’s conclusions on the 
binocular synthesis of yellow. 

A historical bibliography of earlier 
papers on binocular contrast effects of 
the sort reported by Geschwind and 
Segal can be found in Parson’s text on 
color vision [An Introduction to the 
Study of Colour Vision (Cambridge 
Univ. Press, Cambridge, England, 
1924), p. 142]. 

Leo M. HurvicH 
DorROTHEA JAMESON 
New York University, New York 


We regret that in pointing out some 
aspects of the elegant work of Hurvich 
and Jameson we inadvertently gave the 
impression that they supported Hecht’s 
theory of yellow. The point we wished 
to stress was, of course, that Hurvich 
and Jameson had confirmed that bi- 
nocular fusion of colors was possible. 

We are pleased that Hurvich has 
had the opportunity to point out that 
the laws of binocular fusion of single 
colors do not obey the theory drawn 
up for them by Hecht. 

NoRMAN GESCHWIND 
JOHN R. SEGAL 
Department of Neurology, 
Veterans Administration Hospital, 
Boston, Massachusetts 


Science Reporting 


I am writing with reference to the 
excellent article “Science reporting—to- 
day and tomorrow” [Science 131, 1193 
(1960)]. I thoroughly commend what 
has been said therein. Since the author 
looks into the future, let’s try to im- 
prove as the future rolls around. 

Why can’t science reporters be trained 
to appreciate that there is more than 
one science, or better, more than one 
kind of science? One picks up the morn- 
ing paper and reads such headings as, 
“A scientist discovers. .. .” or “Science 
finds that. .. .” There are species, gen- 
era, orders, and so forth among scien- 
tists. Is it beyond the scope of the re- 
porters to differentiate among biolo- 
gists, geologists, chemists, physicists, 
and so forth? 

BRADFORD WILLARD 
Lehigh University, 
Bethlehem, Pennsylvania 
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Meetings 
Free Radicals in Biological Systems 


A symposium on free radicals in 
biological systems was held at Stanford 
University from 21 to 23 March under 
the joint sponsorship of the Biophysics 
Laboratory of Stanford University and 
the Biophysics and Biophysical Chem- 
istry Study Section. Support was derived 
from the study section’s special pro- 
graming funds (grant RG-5048) from 
the National Institutes of Health, U.S. 
Public Health Service. The symposium 
was attended by 75 invited participants 
and included 30 papers summarizing 
much of the current research in this 
rapidly developing field. 

Britton Chance (University of Penn- 
sylvania) gave the opening paper, on 
free radicals in enzyme substrate com- 
pounds, and reviewed the prolific work 
of Leonor Michaelis, which has been 
responsible for much of the current in- 
terest in free radicals as naturally oc- 
curring biochemical intermediates. 

Recent research on biological free 
radicals by other than magnetic reso- 
nance methods was discussed by H. 
Beinert (Wisconsin), who reported on 
studies of semiquinone formation by 
flavins and flavoproteins conducted by 
optical absorption spectroscopy, and by 
A. S. Brill (Cornell), who discussed the 
detection of free radical intermediates 
by use of a magnetic susceptibility bal- 
ance incorporating a flow system. V. 
Massey (Sheffield) spoke on_inter- 
mediates in the lipoyl dehydrogenase- 
substrate system as observed by optical 
spectroscopy. 

George Pake (Stanford) discussed 
the general problem of applying elec- 
tron paramagnetic resonance methods to 
the study of biological and biochemical 
systems and described specific ap- 
proaches (sample-holder design, in- 
crease of modulation frequency, and 
so on) to the problems inherent in ob- 
serving free radicals in aqueous, con- 
ducting systems. Electron paramagnetic 
resonance instrumentation was further 
discussed by B. Chance (Pennsylvania), 
who reported on a rapid-flow apparatus 
for spin resonance measurements, and 
by A. Miiller (Radio-biology Institute, 
Karlsruhe, Germany), who described 
a double-cavity method for precision 
measurements of free radical concentra- 
tion. 

M. S. Blois (Stanford) reported on a 
series of precise g-value measurements 
of free radicals in solution and dis- 
cussed the interpretation of g values in 
terms of free radical structure. M. W. 
Hanna (California Institute of Tech- 
nology) described recent work done on 
the paramagnetic resonance of long 
polyene radicals. H. Beinert reported on 


paramagnetic resonance observations of 
semiquinone formation by flavins and 
flavoproteins—observations made with 
R. Sands (Michigan) as a _ parallel 
study to his optical measurements. L. 
Augustine (Atomic Energy Commis- 
sion) discussed the thermoluminescence 
of irradiated biochemicals. 

An attempted demonstration of free 
radical intermediates in reactions cata- 
lyzed by pyridinoproteins was discussed 
by H. Mahler (Indiana), and T. Naka- 
mura (Pennsylvania) described the re- 
sults of his paramagnetic resonance 
observations on free radicals in enzy- 
matic oxidations. The free radical inter- 
mediates which appear during the auto- 
oxidation of dihydroxyphenylalanine 
were discussed by J. E. Wertz (Minne- 
sota); L. H. Piette (Varian Associates, 
Palo Alto) and I. Yamazaki (Ore- 
gon) spoke on the identification of free 
radical intermediates during the course 
of the peroxidase-substrate reaction. T. 
Vanngard (Uppsala) described his re- 
search on the free radicals and metal 
valency changes occurring in the xan- 
thine oxidose-substrate systems. _ 

B. T. Allen (North Staffordshire) re- 
ported on some of the recent work in 
Ingram’s laboratory and discussed the 
production of unpaired electrons in 
large molecules by ultraviolet irradia- 
tion. D. H. Whiffen (National Physical 
Laboratory, Teddington) spoke on the 
paramagnetic resonance spectra of the 
free radicals in irradiated single crystals 
of glycine and glycollic acid, and the 
spectra of several irradiated peptides 
were described by H. D. Box (Roswell 
Park Memorial Institute). M. L. Ran- 
dolph (Oak. Ridge National Labora- 
tory) reported on his studies of the de- 
cay rates of radiation-induced free spins 
in crystalline amino acids, and Walter 
Gordy (Duke) discussed his paramag- 
netic resonance studies of cytochrome 
and hemoglobin. A paper by T. Hen- 
riksen (Norsk Hydro, Oslo) on the free 
radicals of irradiated thiols and di- 
sulfides was read by Tor Brustad, cur- 
rently at Berkeley. Radicals and radia- 
tion damage in irradiated choline chlo- 
ride were discussed by R. O. Lindblom 
(Dow Chemical Co., Pittsburg, Calif.) 

Free radicals in systems of greater 
complexity were next considered. D. E. 
Smith (Argonne National Laboratory) 
spoke on free radicals in photodynamic 
systems, and P. B. Sogo described the 
paramagnetic resonance studies of 
photosynthetic materials carried out in 
Calvin’s laboratory. Bernard Smaller 
(Argonne) discussed his findings on 
photo-induced free spin species in plant 
pigments. A. Miiller read a paper de- 
scribing the work in Zimmers’ labora- 
tory (Radiobiological Institute) on ra- 
diation-produced free radicals in bio- 
logical systems, and Anders Ehrenberg 
(Caroline Institute) continued with 
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further discussion on _ radiation-pro- 
duced radicals in living and dead ma- 
terials. E. L. Powers (Argonne) gave 
a concluding paper on the role of free 
radicals in the lethal effect of x-rays on 
dry bacterial spores. 

The symposium was a unique, con- 
genial, and timely meeting, devoted to 
a subject matter of rapidly growing in- 
terest. The proceedings will be published 
by Academic Press and should appear 
later this year. 

M. S. BLois 
Biophysics Laboratory, Stanford 
University, Stanford, California 


Forthcoming Events 


August 

21-6. Pacific Science Cong., 10th, 
Honolulu, Hawaii. (Secretary-General, 
10th Pacific Science Cong., Bishop Mu- 
seum, Honolulu 17) 

22-25. American Astronomical Soc., 
Mexico City, Mexico. (J. A. Hynek, Smith- 
sonian Astrophysical Observatory, 60 
Garden St., Cambridge 38, Mass.) 

22-25. American Physiological Soc., 
San Francisco, Calif. (R. G. Daggs, APS, 
9650 Wisconsin Ave., NW, Washington 
14) 

22-26. Plasma Physics, symp., Gatlin- 
burg, Tenn. (University Relations Div., 
Oak Ridge, Inst. of Nuclear Studies, P.O. 
Box 117, Oak Ridge, Tenn.) 

22-26. Western Resources, 2nd annual 
conf., Boulder, Colo. (M. E. Garnsey, 
Dept. of Economics, Univ. of Colorado, 
Boulder) 

23-25. Assoc. for Computing Machin- 
ery, natl., Milwaukee, Wis. (J. Mosh- 
man, ACM, Council for Economic and 
Industry Research, 1200 Jefferson Davis 
Highway, Arlington 2, Va.) 

23-25. Cryogenic Engineering Conf., 
Boulder, Colo. (K. D. Timmerhaus, CEC, 
Dept. of Chemical Engineering, Univ. of 
Colorado, Boulder) 

23-26. American Statistical Assoc., an- 
nual, Palo Alto, Calif. (D. C. Riley, ASA, 
Beacon Bldg., 1757 K St., NW, Washing- 
ton 6) 

23-26. Biological Photographic Assoc., 
Salt Lake City, Utah. (Miss J. H. Waters, 
Box 1668, Grand Central Post Office, 
New York 17) 

23-26. Institute of Mathematical Statis- 
tics, annual, Stanford, Calif. (W. Kruskal, 
Dept. of Statistics, Eckhart Hall, Univ. of 
Chicago, Chicago 37, Ill.) 

23-28. American Ornithologists’ Union, 
Ann Arbor, Mich. (H. G. Diegnan, Divi- 
sion of Birds, U.S. National Museum, 
Washington 25) 

24-27. Forest Biology Conf., Seattle, 
Wash. (Miss E. N. Wark, Technical Assoc. 
of the Pulp and Paper Industry, 360 
Lexington Ave., New York 17) 

24-27. Internal Medicine, 6th intern. 
cong., Basel, Switzerland. (Secretariat, 6th 
ICIM, 13 Steinentorstre, Basel) 

24-2. International Union for the His- 
tory and Philosophy of Science, Stanford, 
Calif. (R. Taton, 64, rue Gay-Lussac, Paris 
5°, France) 

25-27. Chemical Organization of Cells, 
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2nd conf., Madison, Wis. (J. F. A. Mc- 
Manus, Dept. of Pathology, Univ. of 
Alabama Medical Center, Birmingham) 

25-3. High Energy Nuclear Physics, 
intern. conf., Rochester, N.Y. (W. A. 
Jamison, Dept. of Physics and Astronomy, 
Univ. of Rochester, Rochester 20) 

27-30. International Union of Biologi- 
cal Sciences, section of embryology, Pal- 
lanza, Italy. (F. E. Lehmann, Kuhnweg 
10, Berne, Switzerland) 

28-31. American  Phytopathological 
Soc., Green Lake, Wis. (W. B. Hewitt, 
Dept. of Plant Pathology, Univ. of Cali- 
fornia, Davis) 

28-31. Potato Assoc. of America, Green 
Lake, Wis. (R. L. Sawyer, Long Island 
Vegetable Research Farm, Cornell Univ., 
Riverhead, N.Y.) 

28-31. Soil Conservation Soc. of Amer- 
ica, Guelph, Ontario, Canada. (H. W. 
Pritchard, 838 Fifth Ave., Des Moines 14, 
Towa) 

28-1. American Inst. of Biological Sci- 
ences, annual, Norman, Okla. (H. T. Cox, 
AIBS, 2000 P St., NW, Washington 6) 

28-1. Association of American Geog- 
raphers, East Lansing, Mich. (M. F. Bur- 
rill, Office of Geography, Dept. of In- 
terior, Washington 25) 

28-1. Diseases of the Chest, intern. 
cong., Vienna, Austria. (M. Kornfeld, 112 
E. Chestnut St., Chicago 11, Ii.) 

28-2. Combustion, 8th intern. symp., 
Pasadena, Calif. (Office of Industrial As- 
sociates, California Inst. of Technology, 
Pasadena) 

28-2. International Pharmaceutical Fed- 
eration, Copenhagen, Denmark. (A. W. 
Tgnnesen, Bispebjerg Hospital, Copen- 
hagen, N.V.) 

28-2. International Soc. for the Welfare 
of Cripples, world cong., New York, N.Y. 
(D. V. Wilson, 701 First Ave., New York 
17) 

28-3. Electron Microscopy, European 
regional conf., Delft, Netherlands. (A. 
L. Housink, Lab. v. Microbiologie, Julia- 
nalaan 67A, Delft) 

28-3. Histochemistry and Cytochemis- 
try, Ist intern. cong., Paris, France. (R. 
Wegmann, Institut d’Histochimie Medi- 
cale, 45, rue des Saints-Péres, Paris 6°) 

29-31. American Sociological Assoc., 
New York, N.Y. (D. R. Young, Russell 
Sage Foundation, 505 Park Ave., New 
York) 

29-31. Clinical Chemists (Canadian and 
American Societies), annual, Montreal, 
Canada. (E. Harpur, Montreal Children’s 
Hospital, Montreal) 

29-31. Electron Microscope Soc. of 
America, 18th annual, Milwaukee, Wis. 
(W. C. Bigelow, Dept. of Chemical and 
Metallurgical Engineering, Univ. of 
Michigan, Ann Arbor) 

29-31. Metallurgy of Elemental and 
Compound Semiconductors, Boston, Mass. 
(E. O. Kirkendall, AIME, 29 W. 39 St., 
New York 18) 

29-31. Water Quality Measurement and 
Instrumentation, PHS symp., Cincinnati, 
Ohio. (R. T. Hyde, Robert A. Taft Sani- 
tary Engineering Center, 4676 Columbia 
Parkway, Cincinnati 26) 

29-1. Ballistic Missile and Space Tech- 
nology, 5th symp., Los Angeles, Calif. (C. 
T. Morrow, Space Technology Labora- 
tories, P.O. Box 95001, Los Angeles 45) 

(See issue of 22 July for comprehensive list) 


New Products 


The information reported here is obtained from 
manufacturers and from other sources considered 
to be reliable. Neither Science nor the writer as- 
sumes responsibility for the accuracy of the in- 
formation. All inquiries concerning items listed 
should be addressed to the manufacturer. In- 
clude the department number in your inquiry. 


DIFFERENTIAL-PRESSURE METER is 
said to be capable of resolution of 0.05 
percent. Interchangeable capsules are 
available to measure full-scale ranges 
of +1, 3, 10, 30, and 100 in. of water 
with an overpressure capability of 30 
lb/in.* Pressure measurements are di- 
rectly indicated and are provided as 
voltage analog with +10 volts full 
scale for all ranges. Capsules are made 
of stainless steel. (Decker Corp., 
Dept. Sci665, 45 Monument Rd., Bala 
Cynwyd, Pa.) 


™ PORTABLE HARDNESS TESTER applies 
a minor load of 10 kg and a major load 
up to 150 kg. Readings are direct in 
Rockwell A, B, or C scales. Electro- 
magnetic or chain clamps are used to 
apply the instrument to the object 
tested. Curved as well as flat surfaces 
can be tested. Standard equipment in- 
cludes a cone diamond penetrator, a 
ball penetrator, a standard C-clamp, 
anvils, and test block. (Steel City Test- 
ing Machines, Dept. Sci667, 8817 Lyn- 
don Ave., Detroit 38, Mich.) 


™ SPECIFIC GRAVITY INSTRUMENT indi- 
cates directly and continuously specific 
gravity of flowing liquids. The density- 
sensing device is a totally submerged, 
chain-weighted glass plummet. Ac- 
curacy is said to be + 1 percent of full 
scale. Any 0.05 or 0.10 specific gravity 
span within the limits 0.65 to 1.40 can 
be selected. (Precision Thermometer 
and Instrument Co., Dept. Sci669, 1434 
Brandywine St., Philadelphia 30, Pa.) 


™ BIOLOGICAL MICROSCOPES of inverted 
type are available in laboratory and re- 
search models, either monocular or 
binocular, with bright-field or phase- 
contrast optics. Magnifications up to 
20090 times are provided. Illuminators 
are built in, and a wide choice of acces- 
sories includes a long working-distance, 
40x objective, and a number of cam- 
eras. (Unitron, Dept. Sci671, 204 Milk 
St., Boston 9, Mass.) 


® VACUUM THERMOCOUPLE JUNCTIONS, 
for electrical measurements from d-c to 
10 Mcy/sec, provide sensitivities from 
2.5 to 1000 ma full scale. Thermo- 
couples are in thermal contact with the 
current-carrying heater, but electrically 
insulated from it for 100 volts d-c. 
Open-circuit voltage and junction re- 
sistance are individually calibrated to 
+0.5 percent. (Winslow Co., Dept. 
Sci675, 701 Lehigh Ave., Union, N.J.) 


™ GAS FRACTION COLLECTOR permits 
quantitative collection of individual 
radioactive organic components in a gas 
chromatography effluent stream. A 
turntable 8 in. in diameter holds up to 
50 cartridges packed with silicone- 
coated scintillation crystals. Vapors 
leaving the chromatograph detector pass 
through a heated gas-injection nozzle 
and condense on the coated surfaces. 
The operator controls change of car- 
tridges in accordance with observation 
of chromatogram peaks. Counting ef- 
ficiency for carbon-14 in the cartridges 
is said to be greater than 50 percent. 
(Packard Instrument Co., Dept. Sci668, 
P.O. Box 428, La Grange, IIl.) 


@ RADIATION THERMOMETER Uses a mir- 
ror system to focus radiation onto an 
infrared detector. Output of the de- 
tector is amplified and presented on a 
meter or other output indicator. Time 
constant is said to be 0.002 sec for 
continuous measurement and 10 psec 
for transient measurements. Tempera- 
ture range is 100° to 8000°F. Focusing 
range is 4 ft to infinity and resolution 
angle is 0.5 deg. (Radiation Electronics 
Co., Dept. Sci679, 5600 Jarvis Ave., 
Chicago 48, Ill.) 


™ RADIANT ENERGY HEAT LAMP is de- 
signed to provide high temperatures 
for x-ray diffraction, hot-stage micro- 
scopy, mechanical testing, and the like. 
It is said to be capable of heating a 
specimen to 900°C without mechanical 
or electrical interaction. (Materials Re- 
search Corp., Dept. Sci688, 47 Buena 
Vista Ave., Yonkers, N.Y.) 


™ CAPACITANCE BRIDGE is designed for 
application to noncontact capacitive 
gaging. The instrument is transistorized 
and battery-powered. Frequency re- 
sponse is 12 kcy/sec. Provision is made 
for 60 and 400 cy/sec modulation of 
the bridge carrier. Sensitivity is 3.5 
volt/pf with 10-ft cable and 0.9 volt/pf 
with 30-ft cable. Dimensions are 6 by 
4.5 by 3.5 in. (Decker Corp., Dept. 
Sci676, 45 Monument Rd., Bala 
Cynwyd, Pa.) 


® CHLORIDE-ION ANALYZER continuous- 
ly and automatically monitors Cl in 
aqueous solutions in three standard 
ranges: 0.1 to 10, 1 to 1000, or 10 to 
10,000 parts per million. Measured 
values may be read directly or may be 
recorded. The instrument uses a silver- 
silver chloride electrode and is com- 
pensated automatically for temperature 
effects from 0 to 100°C. Accuracy is 
said to be +5 percent of total Cl in 
most applications. (Beckman Scientific 
and Process Instruments Division, Dept. 
S$ci677, Fullerton, Calif.) 

JosHUA STERN 
National Bureau of Standards, 
Washington, D.C. 
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another new 
high vacuum 
instrument 


from CENCO 


Used for continuously and accurately metering small 


an quantities of liquid which do not react with glass. 
Je- THERMOCOU PLE GAGE Motor-driven, hydraulic adjustable metering pump; hy- 
e: Continuously measures total pressure of gases in draulic operated driving plunger and delivery syringe. 
for the range 1-1000 microns Hg. Direct reading, self- Rate of liquid delivery is easily adjusted, accurately 
sec regulating, sturdily built for industrial use. 115 volt, read to a hundredth of a cc. per minute. Adjusts rate 
ra- 60 cycle AC. operation. Write for details. of flow from .01 cc. to 2.5 cc. per minute. 

~ CENCO No. 94178, in compact metal case, each ...... $110.00 

‘ics CAT. NO. 71-049 


CENTRAL SCIENTIFIC CO. 
A Subsidiary of Cenco Instruments Corporation 
1718-M Irving Park Road « Chicago 13, Ill. 
Branches and Wareh insi ©. 
Boston © Birmingham © Santa Clara e Los Angeles « Tulsa 


PRIPPS ABIRD, ine. 


de- ee ee ee Manufacturers & Distributors of Scientific Equipment 
ITes 6th & Byrd Streets - Richmond, Va. 
ike. 
ga 
Re- PERSO 
ena 
CLASSIFIED: Positions Wanted, 25¢ per | POSITIONS WANTED | ill POSITIONS OPEN 
word, minimum charge $4. Use of Box D. Ss. 
for Number counts as 10 additional words. (a) Pharmacology Ph.D., chemistry minor; phar- 
itive Payment in advance is required. Posi- macy B.S.; 1 year of cardiovascular research with on an tdatiibe acid Coen tec steel 
A tions Open, $40 per inch or fraction drug firm; 8 years of university teaching of phar- ciieal yeueatel on 500-bed hospital and large 
ized thereof. No charge for box number. macy and pharmacology courses; available for laboratory nearing completion, near University 
re- COPY for classified ads must reach academic or commercial appointment. (b) Zoology of Michivan and Wayne State University. Pen- 
SCIENCE 2 weeks before date of issue (cytology) sion, life insurance and hospitalization plans, 
(Friday of every week). S75 Medical social security, liberal vacation, sick leave. For 
1 of DISPLAY: Rates listed below—no charge application write Wayne County Civil Service 
KS. vol ill Bureau, Inc., Science Division, Burneice Larson, Commission, 628 City-County Building, Detroit 
3.5 = President, 900 North Michigan Avenue, Chicago. X | 22 
be Single insertion $40.00 per inch ; 
“00 per inc mist- iologist. lent opportunity for 
wmes in year per iation. Sal earch intsitution Phila- 
Bala times in year per me bon 162, SCIENCE. 8/5 BIOLOGIST 
times in 1 year .00 per inc 
52 times in 1 year 32.00 per inch 
B.S. or M.S. Industrial Toxicology Laboratory. 
For PROOFS on display ads, copy must Perform and supervise performance of acute 
lous- reach SCIENCE 4 weeks before date of and chronic oral toxicity tests and reproduc- 
by in BIOCHEMIST OR tion studies. Previous experience in this area 
Replies to blind ads should be addressed CELLULAR PHYSIOLOGIST desirable. Experience in general handling 
dard Gs Tonews: b and experimental use of small animals nec- 
0 to oe weve number) An expanding Midwest pharmaceutical com- essary. Ability to perform routine statistical 
red 1515 Massachusetts Ave., NW pany has an opportunity for a Ph.D. bio- analysis of data necessary. Salary commensu- 
u +a Washington 5, D.C. chemist or cellular physiologist to do Ze rate with training and —a —— 
search on mechanisms of hormonal contro address replys to Mr. Charles R. Young, 
Me: - ———— of cellular metabolism and related prob- 
NTE | lems. Please send complete résumé to 
com- American Cynamid Company 
ature Biochemist, Ph.D., 35. Nutrition, clinical chem- 1937 West Main Street 
istry experience.” Desires relocation, research Stanford, Conn. 
cy 1s possibilities. Prefers university city. Bilingual, UPJOHN CO. 
I- in English-Spanish. Box 151, SCIENCE. 71/29 K Mich 
alamazoo, 
ntific 
Virologist-Tissue Culturist, Ph.D., 5 years of post- ~ 
Dept. doctoral expericnce in tissue culture and tissue Biologist, Instructorship. Teach anatomy and physi- 
transplantation immunology. Desires research with ology to student nurses and elementary 
academic affiliation. Box 158, SCIENCE. X | Organic Chemist, M.A. Experienced in organic to non-science majors; 12-hour load. Upstate “4 
TERN synthesis, research and development, radiochem- York private college affiliated with large uni- 
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Zoologist, Ph.D., 15 years’ experience. Desires 
academic positon teaching and research in biol- 
Ogy, genetics. Box 157, SCIENCE. . x 


icals, vacuum techniques, administration, tech- 
nical writing, customer relations. Minimum $10,- 
000. Box 156, SCIENCE. 4 


versity. Woman Ph.D. preferred but would con- 
sider M.S. applicant with proper qualifications. 
Salary open. x 161, SCIENCE. x 
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~POSITIONS OPEN 
BACTERIOLOGISTS 
BIOLOGISTS 


MEDICAL TECHNOLOGISTS 


Parke, Davis & Company has a number 
of openings in the Detroit area for female 
bacteriologists, biologists, and medical 
technologists at the B.S. and M.S. level, 
to do laboratory work in our research 
and production facilities. These openings 
are in virology, bacteriology, biology, 
antibiotics, immunology, and microbio- 
logical assay. Excellent opportunities to 
advance. Send complete résumé to 


Personnel Department 
Parke, Davis & Company 
Detroit 32, Mich. 


EXPERIMENTAL 
PSYCHOLOGIST 
Ph.D. 


Research in the behavioral areas 
affecting the performance of com- 
plex man-machine systems. 

This is an unusual opportunity 
with a large nationally known elec- 
tronics corporation, with headquar- 
ters in suburban New York City. 

BOX SM 1377 
125 W. 41 St. 
New York 36, N.Y. 


Graduate Assistantship. Rabbit genetics breed- 
ing program. Work applicable to biology M.S., 
2- to 3-year tenure. Contact Jack Bennett, North- 
ern Illinois University, DeKalb, Illinois. 1/29 


LITERATURE CHEMIST 


Permanent opening for person with degree 
in chemistry (organic background). Must be 
able to prepare translations from German, 
Russian, and French. Knowledge of Italian 
and Swedish desirable, but not essential. 
Under the guidance of the editor of the 
Merck Index selects material; collects data 
on new drugs and chemicals; assists in 
writing new monographs; handles corre- 
spondence with users of the Index; studies 
the literature of chemical nomenclature, re- 
ports changes and advances to the editor; 
and makes comprehensive literature searches. 
Salary commensurate with qualifications 
and experience. Send detailed résumé to 

Personnel Manager 

Merck Sharp & Dohme Research 
aboratories 
Rahway, New Jersey 


POSITIONS OPEN 


(a) Bacteriologist, Ph.D., as assistant professor, 
university; teach medical-dental students, gradu- 
ate students in expanding department, $7000 for 
12 months. (b) Biochemist; Ph.D., experienced 
clinical chemistry; head department, 300-bed 
California hospital; about $10,000. (c) Organic 
Chemist, Ph.D., experienced medicinals; report 
to research director, prominent southern com- 
pany; synthesize compounds with pharmacological 
activity; to $10,000, excellent potential. (d) Bac- 
teriologist, M.S., Ph.D., to head department, fully 
approved 300-bed midwestern hospital; substantial 
salary. (e) Microbiologist, M.S., research potential 
to supervise three-man operation, eastern chronic 
hospital, research institute; $7000, grant supple- 
mentation. (f) Biochemist, Ph.D., to head section 
in very busy laboratory general direction of two 
pathologists; develop scope, initiate new proce- 
dures; teach technologists; 350-bed general hos- 
pital; Pacific Northwest. Science Division, Wood- 
ward Medical Bureau, Ann Woodward Director, 
185 North Wabash, Chicago. x 


Chemist. $9138, Ph.D., U.S. citizenship, training 
and/or experience in pharmacology, physiological 
or toxicological chemistry. Position available in 
modern well-equipped toxicology laboratory in 
County Medical Examiner’s Department, down- 
town Detrcit. Liberal fringe benefits. Close to 
Wayne State University College of Medicine. For 
application write Wayne County Civil Service 
Commission, 628 City-County Building, Oe 26, 


Mich. 


Histologist, Research Technician. Immediate ap- 
pointment. Some previous experience required. 
Tissue preparation and participation in activities 
of group engaged in medical research. Perma- 
nent position; 40-hour week, many excellent per- 
sonnel benefits. May Institute of Medical Re- 
search. Write to Mrs. Giller, Assistant Person- 
nel Manager, Jewish Hospital Association, Cin- 
cinnati, Ohio. x 


The Market Place 


BOOKS + SERVICES + SUPPLIES * EQUIPMENT 
DISPLAY: Insertions must be at least 1 
inch in depth. Weekly invoices will 
sent. on a charge. «account basis—pro- 
vided that scredit is es- 

tablished. 
Single insertion $40.00 per inch 
4 times in 1 year 38.00 per inch 
7 times in 1 year 00 per inch 
13 times in 1 year 34.00 per inch 
26 times in 1 year 34.00 per inch 
52 times in 1 year 32.00 per inch 
For PROOFS on display ads, copy must 
reach SCIENC weeks before date of 
issue (Friday of every week). 


BOOKS AND MAGAZINES 


Your sets and files of 
scientific journals 


are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
gana files you are willing to sell at high mar- 
et prices. Write Dept. A3S, CANNER’S, Inc. 
Boston 20, Massachusetts 


SCIENTIFIC JOURNALS WANTED 


Sets, 


Runs and Volumes bought at top 
our wants supplie 

our Back Files of over 3,000, 

Abrahams Magazine Service, N. 


rices, 
from 
period 


PROFESSIONAL SERVICES _ 


(a) Microbiology Section Chief of health depart- 
ment laboratories; start $7000-$9000 year; to be 


groomed for division director appointment ad- | 


vancing to $10,000-$12,000 year; Central area. 


(b) Physiology Faculty Appointment in univer- | 


sity biology department to teach nurse, 
macy, and graduate students; research oppor- 
tunities; Midwest. (c) Metrecal Marketing Ad- 
ministrative Coordinator with advertising ex- 
perience; international division of leading phar- 
maceutical firm; Midwest. (d) Bacteriologist to 
direct section in large university hospital; East. 
(e) Pharmacologist/Physiologist as seaior research 
scientist to direct S and toxicity studies for 
drug firm; $8000-$10,000 year; Midwest. (f) As- 
sistant Professor of Animal Behavior for research 
relating behavior and ecology to field of mental 
hygiene and public health; some teaching; lead- 
ing university; Southeast. (g) Senior Development 
Chemist to supervise and conduct projects in 
organic synthesis of new medicinal compounds 
for drug firm; $8000-$10,000 year; East. (h) 
Zoology-Physiology Teacher for liberal arts col- 
lege; East. (i) Biochmeist with bacteriology train- 
ing for bicchemical purification and nutritional 
studies and development of viral vaccines; young 
h.D. preferred; leading pharmaceutical firm; 
Midwest. (j) Research Chemists for important 
cosmetic company; Ph.D., M.S., B.S. levels with 
promotion opportunities; East. S7-5 Medical Bu- 
reau, Inc., Science Division, Burneice Larson, 
President, 900 North Michigan Avenue, Cees, 


Newly Established Scientific Positions at Vir- 
gina’s Marine Laboratory, MICROBIOLOGIST— 
Ph.D. or equivalent in training and experience in 
bacteriology/virology to participate in program 
of expanding marine microbiology department. 
ECOLOGIST—Ph.D. or equivalent in training 
and experience in marine ~ freshwater ecology, 
to study dynamics of arine communities. 
PHYSICAL OCEANOGRAPHER—Ph.D or 
equivalent in training and experience in ‘physi- 
cal oceanography to head program of estuarine 
and inshore hydrography. Salaries $6432-$8040 
depending on qualifications. Primarily research 
with some teaching duties in graduate De — 
ment of Marine Science. Director, Virginia ats 
eries Labatory, Gloucester Point. 


Representative Wanted in your territory. From 

your desk you can earn a substantial addition to 

your income. Only written contacts with your 

—— Write for particulars and further details 
Karl Kuehne Publishing Co. ht peg Karl 

Kihne). Vienna 66, 128, Aus 

8/26; 9/30; 10/28; 11/24; 12/30 


Science Teachers, Librarians, Administrators ur- 


phar- | 


gently needed for positions in many states and | 


foreign lands. Monthly non-fee placement journal 
since 1952 gives complete job data, salaries. Mem- 
bers’ qualifications and vacancies listed free. 1 


issue, $1. Yearly (11 issues) membership, $5 
individual; $10 institutional. CRUSADE, SCL, 
Box 99, Station G, Brooklyn 22, N.Y. eow 


Scientific Mlustrator. ‘Experienced illustrator need- 
ed for Museum of Zoology at the University of 
Michigan. Applicants must have experience in 
biological specimen illustration for publication. 
Techniques should include pen-ink, various half- 
tone media, knowledge of photographic processes 
desirable. Permanent appointment offering attrac- 
tive starting salary and pleasant working condi- 
tions. Applicants should send résumé to Mr. R. K. 
Richards, Manager, Employment Services, Uni- 
versity of Michigan, 1020 Administration Builid- 
ing, Ann Arbor, Mich. 8/5 


Translators—Russian to English. Full- and part- 
time contracts. Geodetcs, soil science, astronomy, 
hysics, biology, and so forth. State scientific 
ackground, experience, and availability thoury/ 
week). Box 163, SCIENCE. 


Positions Open 
Effective 1 September 1960 


Rates net—No agency commission 


No cash discount 


Minimum ad: 1 inch. Ads over 1 inch will 
be billed to the nearest quarter inch. 


Frequency rate will apply only to repeat 
of same ad. No copy changes. 


BIOLOGICAL SERVICES 


Foods, Drugs, Cosmetics, Chemicals, 
Feeds, Packag ing —Toxicological 
Mycological Bacteriological 
Investigations 


United States Testing Co., Inc. 


1415 Park Ave., Hoboken, N. J. 


SUPPLIES AND EQUIPMENT ij 


® 


CAESAREAN-DERIVED 


CHARLES RIVER CD- 
Hypophysectomies 

THE ‘CHARLES RIVER MOUSE FARMS 
Affiliate, The Charles River Breeding Labs 

1018 Beacon St., Brookline 46, Mass. RE 4-2000 


De You Need: 
Silicic Acid? 
(Specially prepared for lipid chromatography) 


ASK FOR PRICE LIST SSA 


Laloratorice 


32nd & GRIFFIN AVE. » RICHMOND, CALIFORNIA 


SWISS MICE 


BACTERIOLOGICAL AND GROSS 
TISSUE STUDY TECHNIQUES USED 
IN OUR QUALITY CONTROL 


HUNTINGDON FARMS, INC. 
2548 NORTH 27th ST. PHILA. 32, PA. 


Serums, antiserums and bloods é 
of all kinds for technicians and tissue 
culture laboratories. No salesman will call. 


COLORADO SERUM CO. 
4950 York St.* MAin 3-5373 * Denver 16, Colo. 
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new 
england 
nuclear 


NEC-198 


3-Methylcholanthrene-6-C"* 


$85 per 100 microcuries 


new england corp. 


_ 575 ALBANY STREET, BOSTON 18, MASS. Liberty 2.5964 


PHOTOVOLT 


LINE-OPERATED. 
SUPER-SENSITIVE ELECTRONIC 


MULTIPLIER-PHOTOMETER 


For the exact measurements of extremely low light 


values down to 1/10,000 microlumen . . . for absorp- 
tion and flame photometry. Colorimetry through 
microscopes. Scintillation measurements on crystals. 
Fluorescence trace analysis. Monochromatic color 
densitometry. Measuring high densities on micro 
areas. Light measurements through telescopes. 


MOD. 520-M 


Write for Bulletin +360 to 


PHOTOVO LT Corporation 


95 Madison Avenue New York 16, N. Y. 


All New! Improved! 


CENCO® 


CYLINDRICAL OVEN 


Dependable for all types of 
laboratory and product 
drying. Fast uniform 
heating. Temperature 
range 37-200°C. 
Gravity circulation. 
Inside 1434x1114”. 
Thumb release 

door control. Now 

at a low $201.75. 


Write for 
Bulletin 5B. 


CENTRAL SCIENTIFIC CO. 
A Subsidiary of Cenco Instruments Corporation 
1718-M Park Road + * Chicago 


Boston e Santa Clara Los Angeles “usa 
Houston Toronto @ Montreal Vancouver Ottaw 


GLASS ABSORPTION 
CELLS KLETT 


SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand- 
ards—Klett Reagents. 


Klett Manufacturing Co. 
179 East 87 Street, New York, New York 
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That’s right...she’s sharpening microtome 
knives with AO’s New Automatic Micro- 
tome Knife Sharpener while she busily cuts 
sections, 


You're looking ata perfect team in action... 
a skilled technician using the famed ‘‘820” 
Microtome and the New AO Knife Sharp- 
ener. This: combination assures complete 
control over all the factors necessary for cut- 
ting consistently uniform serial sections, 


The AO Knife Sharpener provides on-the- 
spot facilities for honing and polishing knife 
edge and bevel. Operation is automatic; 
place knife in holder...set timer...flip the 


American Optical 
Company 


INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 


She’s Sharpening Knives... 


switch. The unit stops automatically when 
sturpening cycle is completed. There’s 
never any need for further hand-honing or 
stropping. 

You always have sharp knives on hand to as- 
sure the optimum sectioning results that the 
820" Microtome is designed to produce, 


Ask your AO Sales Representative to show 
you how little it costs...to put this unex- 
celled sectioning team to work for you... 
to help you reduce expensive knife inven- 
tories and outside servicing. 


For further information or a convincing 
demonstration...write now. 


SPENCER 


Dept. GS 


© Please send further information on AO’s sectioning team... 
“820” Microtome and New Model 935 Automatic Knife Sharpener. 


© I would be interested in a demonstration, 


Name 


Address 


City Zone. State 


| 
| 


IN CANADA write — American Optical Company Canada Ltd., Box 40, Terminal A, Toronto, Ontario 
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